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A REPORT ON
INCREASED WATER SUPPLY FOR THE CITY OP 
SOUTH BEND, INDIANA.
This report Is made for the purpose of dlsolosing the best 
means for the increase of the South Bend municipal water supply 
taking into consideration the large investment in the existing 
works and all the circumstances that surround it. To this end a 
personal examination was made by the writer covering a period of 
about one week, supplemented by numerous surveys, tests and the 
abstraction of considerable data from the records of the water 
department, through an assistant working under his direction. The 
data thus secured were further supplemented by all the published 
information that could be found relating to the local geology.
Most of the Information relating to the geology within the city 
was gained through wells and borings previously made by the v/ater 
department, or by citizens, the data of which had not previously 
been correlated.
Inasmuch as the needed investments for good service at this 
time require a somewhat large Investment it was thought desirable 
to give some consideration to new and different supply sources,but 
the consideration of such new sources has been limited to showing 
clearly that there is no apparent reason strong enough to warrant 
a radical change in source - that a large investment can be made 
with assurance of permanence.
The principal conclusions resulting from this study are 
as follows:
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Ist. That the present source of supply, nair.eiy the water­
bearing gravels underlying the city, Is adequate not only for the 
present but for the distant future, and that It Is the best source 
and the cheapest source available at South Bend.
2nd. That Improvements should be planned with a view to accom­
modating a population of 75,000 within ten years, and 110,000 with­
in twenty years. It Is only by the anticipation of future growth 
that good service can be continuously maintained.
5rd. That the present average dally pumpage of about 4^ mil­
lion gallons will be Increased to 6^ million by 1920, end 9|- mil­
lion In 1950; that average rates for twenty-four hours at about 
double these rates may be expected, and for short periods on summer 
days, three times these rates.
Further, that good fire protection requires the ability 
at any time to furnish water at rates about four times the annual 
average pumping rate. Including the domestic use.
4th. That the extremely variable rates of pumpage can be m.ost 
economically met by a storage reservoir at the pumping station, and 
that such reservoir will be effective in reducing the maximum rate 
of draft from the wells to an amount about double the average annual 
pumpage rate, permitting the wells at the North Station to operate 
at a maximum, rate of not to exceed 6 to 10 million gallons per day 
during the next ten years.
It Is concluded that elevated storage, namely, an addition! 
al standpipe, is not wise from either the standpoint of service or
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economy, and that, therefore, pump capaolt^'’ should be available to 
meet the maximum rate of draft, with a reasonable reserve capacity.
5th. It Is concluded, in view of the extremely low cost of 
pumping by water power, that the Central Station be maintained.
It is recomm.ended that the vrells at this station be Im­
proved after developments at the North Station, hereinafter mention­
ed, have been carried out.
6th. It Is concluded that future developments of ground water 
should be confined to the low ground adjacent to the St. Joseph 
River. Developments at such location are far more econom.lcal than 
is possible upon high ground, unless extensive beds of much coarser 
material, and highly water bearing, are located elsewhere. Although 
all drillings made in South Bend, of which record could be obtained, 
have been examined, there is no indication of a locality more favor­
able for development than the St. Joseph River Flats.
7th. It is estimated that the cost of improving the North Sta­
tion in such manner as to be capable of meeting good service require 
ments for the next ten years, is 1140,800.00, with additional better 
ments from time to time as the service grows, entailing a total 
investment by the year 1930, of about 0243,100,00.
8th. It is concluded that it is practicable to develop all the 
water needed by the city at this station for the next twenty years, 
at least.
9th. The borings and test wells at Portage Perk, about one 
mile below the North Station, indicate that a station can be con-
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structed at this site, of substantially the same capacity that is 
practicable at Leeper Park, the site of the present North Station.
The estimated expenditure required to construct a plant, 
substantially equal to the improved North Station, will amount to 
^237,380.00, in order to meet the service of the next ten years, 
and by 1930 the total Investment in this plant will approximate 
$394,680.00, Including mains for the delivery of the water into 
the city.
There will be a saving in the operating expenses of the 
Portage Park station amounting to from $1,000.00 to $2,000.00 per 
annum during the next twenty years, but this saving is more than off 
set by the fixed charges upon the additional Investment required 
for the same service at Portage Park, as compared to an improved 
North Station.
The comparative figures for the present service are approx­
imately as follows, exclusive of land: -
Operating
Expenses Fixed Charges Total 
Investment.Per Annum. Per Annum. Annual Cost.
Improved North Sta­
tion, $140,800. $13,280. $9,640. $22,920
Portage Park Station, 237,380. 12,300. 15,360. 27,660.
By the year 1930, based on the past rate of increase in 
population and piimpage, additional investments wil3 have been re­
quired at these two sites, as follows:-
- o -
OperatIng
Expenses Fixed Charges Total 
Investment.Per Annum. Per Annum Annual Cost,
Improved North Sta­
tion, ^243,100. #25,300. #16.840. #42,140.
Portage Park Station, 394,680. 23,100. 25,870. 48,980.
These estimates indicate that there is a financial advan­
tage, all things considered, of from $4,000. to #7,000. per year 
in favor of improving the North Station, as compared to the con­
struction of a new station at Portage Park. The reason for this 
difference lies in the ability to make use of investments already 
made at the North Station, and, of more importance, the proximity 
of the North Station to the center of distribution, obviating 
investments in a long discharge mein. It Is extrem.ely rare to find 
a ground water supply so situated that it can be developed in the 
very heart of the distribution system, and it is only practicable 
at South Bend on account of the clay blanket that protects the 
water-bearing gravels from pollution. Many cities are forced to 
develop distant supply sources, but no such thing is necessary at 
South Bend.
10th. It is practicable to develop at the site of the North 
Station almost any quantity of water desired by the use of deep 
well pumps, and there is no question but that the use of such pumps 
in sufficient number would obviate the investment recommended in a 
storage reservoir. The initial investm.ent in such a system of 
pumping would probably be less than in the reservoir. The operatior 
of such pumps would only be necessary at times of maximum consump­
tion, and therefore the power cost of such pumping would not be
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large in the aggregate for the present service. It is believed, 
however, and it is based on considerable experience with deep well 
pumping devices, that the fixed charges, interest and depreciation 
upon machinery of this type will materially exceed the fixed charges 
on a reinforced concrete reservoir, without considering the cost of 
power necessary to operate the machinery. Tt is concluded, there­
fore, that no radical departure in the means of operating the North 
Station is desirable, except the construction of the storage res­
ervoir, and the means for Keeping it filled with water.
11th. There is hereinafter outlined in some detail, the means 
by which the North Station can be modified to meet the present and 
future service. The details of this scheme, particularly as re­
gards the number. Kind, and capacity of the pimping units, and their 
arrangement and connection, should be sub;ject to the further study 
of the designing engineer in the preparation of working plans.
The total expenditure that is regarded as necessary to good service 
for the present and icmiediate future, is as follov/s.
Improvem.ents at the North Station, 
Reinforcements to the Distribution 
System*,
Total, - - - -
$140,800.
a o . 0 0 0 .
170,800.
For the data upon which these conclusions are based, the 
studies relating to the source of the water supply, and a fuller 
statement of the reasons for these recomm.endations, the reader is 
referred to the following pages.
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P a r t  li.
T.H1. P . S . 1 H 1 1  Z L A N T ,
ITS SERVICE,DEFECTS.AHD DESIRABLE PROVISIONS FOR THE FUTURE.
» ********* *»
The oit3'’ of South Bend is supplied from two piimpina: stations 
namely the Central Station, located at the dam closely ad;joining the 
business district on the east, and the North Pumping station, lo­
cated in Deeper Park, about half a dozen squares north of the busi­
ness district and on the bottom land that ad;5oins the river below 
the dam. At both stations the water supply is obtained from a 
stratum of coarse sand and gravel, 30 to 40 feet in thickness, imme­
diately overlying the shale bed rook. This water bearing sand is 
overlaid by a thick stratum of clay, which serves to protect the 
ground water in the immediate vicinity of the wells from local 
pollution, and also serves as a cover, through the agency of which 
the so-called artesian pressure is made effective, the water rising 
to about ground level at the Central Station, and about 10 feet 
above the ground surface at the North Station.
CENTRAL STATION:
The water supply at the Central Station is drawn from a 
system, of 56 driven wells, 29 of which were in operation at the 
time of this examination. These wells are from 98 to 116 feet in 
depth, and range from 4 inches to 10 inches in diameter.
Normally the water is "sucked” directly from the wells by 
means of two Stilwell-Bierce power pum.ps; normal capacity 2|- mil­
lion gallons per twenty-four hours, each, and discharged directly 
into the city distribution system. These pumps are normally
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operated by one or more of three 54 inch New American water wheels. 
There is also, directly connected to the main line shaft, a 250 H.P. 
Hamilton-Corliss Condensing Engine, which is used to operate the 
pumps when the water power is deficient. This engine is also direct­
ly connected to a 20" x 36" double acting air compressor, through 
which the capacity of the wells can be greatly increased, in case 
of emergency, by the so-called "air-lift" connections thereto.
The air lift plant was installed during the present early 
sumroier. Steam is supplied by a 225 H.P. Babcock & Wilcox battery 
of boilers, at 80 to 100 lbs. pressure. A small reservoir (about 
300,000 gals, capacity) receives the water from the wells when 
operated by air lift, and the main pumps draw their suction from 
this reservoir at such times.
A brick encased standpipe, 5 feet in diamater and about 
225 feet high, is connected to the station delivery main. The capac­
ity of the standpipe is so small (about 34,000 gallons) that it is 
of very little value for storage purposes. It is worth the cost of 
its maintenance, however, for its beneficial effect on the momentary 
variations of the pum.page, and, further, as a safety valve or relief 
valve for the pumps.
The water is normally delivered into the mains under a 
pressure of about 80 lbs. per square inch. Upon an alarm, of fire 
the pressure is raised to about 97 lbs. The standpipe is of suffi­
cient height to accommodate either of these pressures without the 
manipulation of valves. On account of the water power it is profit­
able to operate this station continuously. The station is manned 
by two shifts of two men each. This station is capable of furnish- 
ing about 3-1/4 m.illion gallons per twenty-four hours by direct
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suotlon from the wells, and the delivery of the station can be in­
creased to about 4-1/4 million gallons by the operation of the air 
lift as at present installed.
A plat of the station and wells is shown on Exhibit No.l.
NORTH STATION:
The north station, located in Leeper Parh, consists of 46 
wells, ranging from 6 inches to 10 inches in size, and 80 ft. to 
102 ft. in depth. The water is drawn from the wells by suction, 
and discharged directly into the city distribution system by means 
of two compound condensing direct-acting steam pumping engines, 
having dally capacities of three million and six million gallons per 
twenty-four hours, respectively.
The water pressures at this station are approximately the 
same as at the Central Station, except for a slight difference in 
elevation in the pum.p house floors, the North Station being about 
6 feet the lower.
Steam is furnished by one 300 H.P. battery of Babcock & 
Wilcox boilers, and one single 208 H.P. boiler of the same kind; 
normal steam pressure 100 lbs.
The North Station is operated intermittently whenever the 
water demanded by the city exceeds the then capacity at the Central 
Station. There are usually a few days each year when the station 
is not operated, and on the peak of the summer load it has been 
operated continuously, day and night, for several days. During the 
past year and a half the station was normally operated from nine 
to twenty hours per day, depending upon the season of the year.
During the year 1910, the total output of this station 
amounted to about sofo of the total city consumption, and during
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the previous year about At the present time the station is
capable of supplying easily seven miinon gallons per twenty-four 
hours, and it can be forced to about a nine million gallon rate, 
although at this rate the vacuum on the well system is so high 
{ 20 to 24 inches) that the pumps "pound” to a dangerous degree 
through the incomplete filling of the pump chambers.
The station is manned by two shifts of two men each, with 
an extra helper during the day and an extra fireman during the 
summer season.
A plat of the North Station and wells is shown on Exhibit
No.2.
HISTORY OF WATER WORKS:
A brief history of the water supply at South Bend is as
follows:
The original plant, Including the Central Station, stand­
pipe, and a small part of the distribution system, was installed in 
1873, the original source of supply being the river.
Shortly prior to 1886 ten wells were driven, and in 1886 
fifteen m.ore were added. The system of wells was further Increased 
in 1891 by the addition of nine wells, and five additional wells 
were added in 1906.
Up to 1885 the water was pumped by three 1 million gal­
lon Vergennes power pumps, driven by water power. In 1885 a three 
million gallon steam pump was added, and in 1890 a six million gal­
lon steam pump.
In 1895, the North Station was built, and the large steam 
pumping engine and one boiler moved from the Central Station.
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At this time a system of 30 - 6" wells were installed at the North 
Station by the American We31 Works. These wells were supplemented 
by four additional wells in 3906, desiernated as the "Kersey wells," 
and in 1910, by twelve additional 10 inch wells, designated as the 
"Koontz wells.” These wells were especially constructed for a deep 
well pumping engine of special design. They are very closely spaced, 
there being two rows of wells 6 feet apart, the wells in each row 
being 4 feet on centers; the whole battery of wells occupying a 
space of 120 square feet.
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TABLE A.
SHOWINO GROWTH OP SOUTH BEND WATER SUPPLY,
Year Population ^Average Average Daily Number of Consumption Population
Pumpage Maximum Consump- water per consiWE- per
Mil.gals. Month tion per Takers er per day- tap
M.G.D. capita
1894
1895
1896
29,000 1.89 65
1897 32,000 4.13 5.3 130 3,680 1,120 8.7
1898 34,000 4.87 7. 143 4,350 1,120 7.8
1899 35, 000 5.70 8.4 163 4,730 1,200 7.4
1900 36,000 6.25 7.2 174 5,390 1,170 6.7
1901 38,000 5.2 6.25 137 5,850 890 6.5
1902 40,000 3.9 4.4 98 6,430 607 6.2
1903 42,000 2.82 4.8 67 6,920 404 6.0
1904 43,000 4.05 5.2 94 7,490 540 5.7
1905 45, 000 4.4 5.2 98 8,390 525 5.4
1906 48, 000 4.67 5.45 97
1907 50,000 4.8 5.5 96
1908 51,000 5.22 6.9 102 10,150 520 5.0
1909 52,000 4.37 5.63 84
1910 54,000 4.73 7.3 88 11,300 420 4.8
* Pump records previous to 1906 not reliable.
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About 1898, a new battery of water tube boilers was 
installed at the North Station, and about 1900, the three million 
gallon steam pump was moved from the Central Station and installed 
in the North Station.
In 1906, the Vergennes power pumps at the Central Station 
were replaced by the present Stilwell-Bierce pumps. At the present 
time practically all of the machinery that has been installed from 
time to time is in service, with the exception of the Vergennes 
pumps.
Table A shows the principal facts relating to the growth of 
the distribution system, population, number of consumers, and the 
pumpage from the year 1896 to the present time.
PRESENT PUMPAOE:
It is very material to this inquiry, to form as accurate 
an estimate as possible of the future pumpage, not only in its 
aggregate from year to year, but the fluctuations in rate from month 
to month, from day to day, and from hour to hour, for the ability 
of your stations to maintain good service is vitally affected by 
these variations, and while a water works system is capable of 
enlargement from time to time to meet the demands of the service, 
it is very much better to look ahead and provide for deficiencies 
in advance of their occurrence, rather than to experience the annoy­
ance and loss due to defective service after the defects have made 
themselves evident.
The future can be most accurately estimated by a scrutiny 
of the past, and therefore the records of the pumpage are of
importance.
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PUMPAGE RECORDS:
Exhibit No.4 shows a diagrammatic record of the pumpage of 
the years 1907 to 1911, inclusive. The diagram indicates the 
average daily pum.page in each month at the Central Station, and a3so 
the aggregate of the two stations. The diagram shows that the 
yearly average for the city has varied only slightly during the 
past five years. The monthly average has varied from about 3|- to 
7-1/4 million gallons per twenty-four hours, with no marked tendency 
during this period to increase.
Exhibit No.5 shows the rate of pum.page at the two stations 
in each day of July 1930, - a month of heavy pumpage. During this 
month the North Station operated from, twelve to twenty-four hours 
per day, and during the month furnished a little less than half the 
total water consum.ptlon of the city, which averaged 7.3 million 
gallons per day. For the first two days in July the rate during the 
daylight hours approximated 12^ million gallons.
Exhibit No. 6 shows the pum.page record for each day in Feb­
ruary, 1911, - a month of minimum pumpage. During this month the 
Central station furnished 87<^  of the water consumed. The North 
Station operated usually less than tv/elve hours per day, and at a 
rate of only from one to two million gallons when operating. This 
month is typical of the winter, early spring, and late fall.
Exhibit No.5 is typical of one to three months of the 
stircmer and early fall during especially dry seasons, the heavy pump­
age being largly affected by lawn sprinkling.
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POPULATION TO BE PROVIDED FOR:
Exhibit No.3 is a diagrairanatlc representation of the 
growth in population of South Bend, acoordlng to United States 
Census, from 1850 to date, with an approximate foreoast of the 
future based upon the past groT/th.
The growth of the oity has been rem.arK;ably uniform. There 
has been no boom and no depression of suoh magnitude as to m.alce 
itself evident in the population statistics. The city doubtless 
owes its healthy growth to that of a number of now very large 
manufactories, but the aggregate of the men employed is supple­
mented by the large num.ber of smaller manufacturing industries, 
sufficiently diversified, so that the city has not felt the 
periodical depressions noticeable in cities where one line of 
manufacture is largely followed. The present population and the 
estimate of the future for the next two generations, is as 
follows:
1910 54,000
1920 70,000 to1 80,000
1930 110,000 t f 115,000
1940 120,000 160,000
1950 160, 000 225,000
FORECAST OF ANNUAL AVERAOE PUMPAOE:
The pumpage records prior to 1906, when the new power 
pumps were Installed at the Central Station, are quite unreliable 
owing to the largo slippage in the old pumps, and to a certain 
extent this is true of all pumpage records prior to 1904, at which 
time the first accurate slip test vms made, and slippages in the
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maohinery of from 24 to 55fo were noted. Slip tests made during 
th^Sinvestigation indicate that the present slippage does not ex­
ceed from 1 to 5'/o in the various machines, and it is believed 
that the records of the last five or six years are quite reliable.
The old records indicate an annual average pumpage ranging 
from two million gallons per day in 1894 to six million in 1900, 
dropping to three million in 1903, four million in 1904, and 
gradually increasing with the population to five million in 1908. 
During the past two years the pumpage has fallen off to about 41- 
million.
Since 1904 the per capita consum.ption has ranged from. 94 
to 102 gallons. The percentage of the services supplied by meter 
has ranged from sfo in 1905 to isfj in 1910. The use of water per 
service connection has gradually decreased for the past ten years, 
most largely due to the rapid increase in the n-umber of service 
connections and the consequent distribution of the constant leakage 
losses among a larger num.ber of water takers. At the present time 
there exists a water service for each 4,8 persons. This figure 
indicates that the use of city water is quite general in the homes 
of South Bend; in fact, it indicates that nearly all of the exist­
ing houses are supplied. The growth in pumpage hereafter will 
therefore be likely to keep pace very closely with the growth in 
population.
It is possible that the further introduction of meters 
and the rigid curtailm.ent of waste will still further reduce the 
per capita consumption. It is believed, however, that in making 
estimates for the future it will not be wise to provide for a small- 
er consumption than about 90 gallons per capita, and this figure
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can only be attained by careful management. Upon thla basis the 
average daily consumption will reach 7 million gallons in 1920, 
and 10 million gallons in 1930.
MAXIMUM PUMPAOE:
Reference has already been made to the high rates of pump- 
age during the days of maximum demand. In a distribution system., 
where there is practically no storage, the hourly variations during 
such maximum days are of great significance. The writer is aware 
of no records upon the hourly pumpage at South Bend except those 
made by Mr, A. J. Hammond, former City Engineer, during July 1908, 
and reported to the Board in December of that year. Exhibit No. 7 
is a reproduction of a similar diagram contained in Mr. Hammond*s 
report, and indicates that upon a day when the average pumpage was 
8.2 million gallons, the maximum rate for about an hour reached 
580,000 gallons, corresponding to about 14 million gallons per 
twenty-four hours.
Based upon the data of Mr. Hammond's diagram, viewed in 
connection with the probable future increases in the average pump­
age, an estimate has been made ( See Exhibit No. 3 A) of the probable 
average rates that will prevail during the future days of maximum 
pumpage, and although this estimate is by no means accurate, it 
is the best guide available to aid in capacity estimates of machin­
ery, storage, reservoirs, etc.
This diagram also shows the past increase in pumpage, both 
average and maximum. It will be observed that the maximum pumpage 
as recorded has remained practically stationary for the past four­
teen years. It Is probable, however, that a proper allowance for
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the unKnown slip previous to 1906, would indicate a gradual increase, 
in general conformity with the increase in the average pumpage.
It is true that the maximum rate of pumpage per capita has 
a tendency to decrease as cities grow, and, therefore, that the in­
crease in the maximum pumpage will hardly, in the long run, Keep 
pace with the Increase in average pumpage. An examination of the 
data available, however, seems to indicate that the decrease per 
capita of the maximum will probably not be sufficiently great within 
the next generation to be worthy of consideration.
FIRE PROTECTION:
In addition to supplying the maximum domestic demand, a 
municipal water works must be capable of protecting the city against 
fire. This imposes a large additional tax upon the station capac­
ity, especially in cities of small or moderate size. In the very 
large cities the water rate demanded for this purpose bears a lesser 
relation to the total pumpage.
The pumpage rate that should be available for fire protec­
tion is largely a matter of opinion. Large reserve capacities in 
water supply pumping machinery and pipes involve considerable cost, 
and there is evidently a balance between the desirable Investment 
for this purpose and the beneficial effects of the fire protection 
in the reduction of fire losses. It is a matter not sub;ject to 
actual analysis in any particular locality without great labor.
It is safe to say, however, that the great ma;jority of cities are 
lacking in the fire protection afforded by their water works, and 
where adequate protection is provided it has usually followed a
demonstration through a serious fire loss.
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Some detailed study has been given to this matter by 
several able engineers, the result of whose studies are in print, 
partioularly the studies of Mr. John T. Panning,0.E., Mr. John R. 
Freeman, O.E., Mr. J. Herbert Shedd, O.E., and Mr. Emil Kuiohling, 
O.E. The latest of these studies was made by Mr. Kuichling, about 
ten years ago, in which he summarizes the previous data upon the 
sub;ject, and, in addition, conducted a correspondence with a large 
number of municipal fire departments as to the amount of fire protec 
tion considered necessary. As a result of these studies it has 
been demonstrated that upon the average the amount of fire protec­
tion bears a relation to the population of the municipality, 
although not in direct proportion thereto.
The National Board of Fire Underwriters has devoted a large 
amount of attention to this sub;3ect, and has done much valuable 
work in prom.oting the fire-fighting facilities of cities through 
their Bureau of Inspection, Tests and Reports. In general, the Fire 
Underwriters are recommending substantially the figures of Kuichling 
with an added allowance of about 50fo to cover losses through 
sprinkler systems, leakages, etc. especially incident to a large 
fire. The allowance that should be made for fire protection at 
South Bend, according to these various authorities, based upon the 
present population and also the estimated population in 1920, is as 
follows: Present Population. Population in 1920.
54.000 75.000.
Panning, 3,500 aals.per Min. 4,000 Oals.per Min.
Freeman, (Average) 4,300 ” ' ” 5,500 " ” ”
Kuichling, 5,000 " " ” 6,100 ' " "
Board of Fire Underwriters, 7,500 " " " ---------------
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It is oonoluded, that ^ood fire protection 3ies somewhere 
between 4,000 and 7,000 ga3lons per minute at this time, corres­
ponding to twenty-four hour pumpage rates of 5.7 to 30 mil3ion 
ga33ons.
PRESENT DEFECTIVE SERVICE:
One marked defect in the water works service at South Bend 
is the inability of the plant to meet the maximum water rate demand 
of the warm summer months. At this time the water supply and pump­
ing facilities are inadequate to supply the present domestic con­
sumers, leaving no margin for adequate fire protection. It would, 
of course, alv/ays be possible to get a large quantity of water under 
low pressure by shutting off the feeder mains supplying districts 
not using water for fire protection at the moment, but it is not a 
practicable thing to do this, and no city, under any circumstances, 
should be without a water supply, not only capable of taking care 
of all domestic requirements and those of good fire protection, but, 
in addition, it should be the policy to have in reserve a certain 
capacity for the near future requirements so that Improvements can 
be made in advance, and continuous good service in nowise interrupt­
ed,
QUALITY O f THE WATER:
Prom the standpoint of health, the water at South Bend is 
one of the best that it has been the iwrlter's privilege to examine. 
There is no evidence of pollution in any analyses of record.
Exhibit No. 8 is a tabulation of all the analyses of the city water 
available at this time. The tabulation also includes analyses
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from various test wells, and, for purposes of comparison, there is 
shown an analysis of the water from the St. Joseph River, taKen at 
Benton Harhor, it belna: the only analysis of river water available 
on short notice.
The hardness of the water is moderate for s^round waters 
in the Central West. The time may come when the city will find it 
economical to soften this supply, but in all probability this will 
not be desired for many years in the future. There are a few 
municipal softening plants in this country, but they all deal with 
water very much harder than the water at South Bend.
Most ground waters are more or less impregnated with iron, 
especially at certain seasons of the year, and certain analyses of 
o-round water at South Bend show amounts of iron,that, if contin­
uously present, would doubtless be very objectionable. Insufficient 
analyses are available to pass an opinion upon the likelihood of 
resulting troubles from iron in the municipal supply and the ground 
water at other places in and ad.jacent to the city. The best test 
of the water in this respect has been the municipal use of this 
water for over twenty-five years, without serious inconvenience.
There are certain ground waters containing iron that seem 
to permit the growth of a very objectionable vegetable organism., 
producing disagreeable tastes and odors, and clogging small open­
ings in the distribution system. From inquiry at South Bend, it is 
understood that no ob;)eotionable tastes or odors have been gener­
ally noted, and that trouble from this organic growth has been 
absent, or present only in a very small degree.
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The last analyses made show a total absence of Iron 
at the present stations. Previous analyses seem to Indicate that 
It has been present at times in lar«>:e amount, and probably will 
be again. In a general way, waters that contain from .05 to 
.05 parts per hundred thousand of iron are frequently sub^jeot to 
the growth of the ob;iectionable iron organisms.
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^NOOME AND OPERATINCJ EXPENSES.
Year 1909
Oross Reoeipts,
SOUTH lEND WATER WORKS
^92,500.86
Operating Expenses, and Maintenance,
Supt. Clerk, Assistants,Office,etc. 
Distribution of water, mains, meters, 
etc.
Stable,
Water sources,repairs,well,etc.
North Pumping Station:
Engineers & firemen |3,605.75
Labor, 710.98
Fuel, 4,916*29
Repairs, 550.35
Other expense, 235.30
Central Pumping Station: 
Engineers & Firemen, 
Labor,
Fuel,
Repairs,
Other Expense
Tools, taps, stock, etc.
2,691.10
219.91
198.15
337.76
338.99
Pumpage Average per day:
North Station (million aals.) .57
Central » « « 3,80
^14,226.93
7,618.79
392.06
951.09
10,018.67
3,785.91
2.027.29
Year- 1910
#103,584.76
#9,680.31
8,516.54
522.55
1,055.21
#3,950.90
1,059.85
7,555.58
432.99
385.66 13,384.98
2,811.20
562.40
1,313.52
532.75
427.25
#39.020.74
5,647.12
6.519.22
#45,325.93
1.34
3.39
Total, 4.37 4.73
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p A R 1  III.
ADEQUACY OF THE PRESENT SUPPLY SOURCE. 
AND DESIRABILITY OF ITS RETENTION.
The frround water supply at South Bend has impressed every 
one examining it, ?iith its volume and the likelihood of its per­
manence. So far as known, no one has traced it to its source except 
in a general way. In the investment of so large a sum of money as 
is necessary for the water supply of this city, it is of importance 
to obtain as definite information as possible as to the permanency 
and amount of this v/ater, and to make S’ich estimates, it is obvious­
ly necessary to locate the source, and ascertain, as best we may, 
the transm*ission vehicle through which the supply passes from source 
to pumping station. In the investigation of a sub;Ject of this kind, 
we are dealing with matters m.ore or less obscure. Approximately 
exact conditions can only be obtained at large expense, end although, 
moderate investments in such, investigations are wise, the con­
clusions must be largely reached on circumstantial evidence by 
taking advantage of the physical facts that have been determined 
from tim.e to time by others.
In this investigation there has been collected and tabu­
lated the record of all drillings that could be found in and adja­
cent to South Bend, including the municipal wells, a number of 
test wells recently drilled by the city,and the logs of such, other 
wells as could be obtained. Part of this information is based upon 
the memory of those most familiar with the conditions. The greater 
part of the information, however, is obtained from memxoranda made 
at the time the work was done.
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At the more Important places, particularly adjacent to the 
pumping stations and in the localities v/here future pumping develop­
ments have been contemplated, the v/riter caused levels to be taken 
by the City Engineering Department, and has made measurements of 
the water levels. In the more remote parts of the city the datum 
levels have been referred to the nearest street grades, and in some 
cases the water levels in reference to the surfacey are based upon 
statements of those familiar with the wells. A record of these 
drillings is shown on Exhibit No. 23, and the location of the 
drillings by niunber is shown on Exhibit No. 14.
Aside from a cursory inspection of the ground, the 
information as to the local geology is derived from numerous pub­
lications of the United States Geo-logical Survey and the State 
Geological Survey. Those readers sufficiently interested to pursue 
this matter further than is possible in this report, are referred 
to the following publications:
U.S. Geol.Survey, Water Supply Paper No. 254. "The Under­
ground Waters of North Central Indiana, *' by Stephen R. 
Capps, 1910.
U. S. Geol.survey. Water Supply Paper No. 21. "Wells of 
Northern Indiana," by Leverett, 1899.
Considerable miscellaneous information is also to be found 
in U. S. Geol. Survey water Supply Paper No. 31, the 38th Annual 
Report of the U. S, Geol. Survey; also a large number of Government 
publications dealing with the hydro-geology of the States adjoin­
ing Indiana.
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gROUND WATRR IN GENERAL.
It will aid in an understanding of the discussion which 
follows, to briefly review the sources of water supply, particularly 
ground water, and the nature of its occurrence.
The source of all water supply is rainfall. A part of the 
rain flows off over the surface through the watercourses, a part 
is absorbed by vegetation, a portion is re-evaporated, and a portion 
sinks into the ground vfhere under most conditions it slowly travels 
toward the nearest watercourse, reappearing in the streams through 
seepage in the beds of rivers and lakes, or through springs v;here 
conditions are favorable.
The water may be collected for domestic use at any place 
in its travel, and our municipal plants draw upon it at all these 
places of its occurrence, depending upon the relative cost of 
securing good water from the particular source locally available.
The water, of course, differs much in its quality in 
these various places. The surface water is more or less polluted 
through human agency. The ground water is much less likely to be 
polluted, but in its travel through the soil it absorbs mineral 
matters, promoting hardness, and some ground waters are unfit for 
use owing to the quantity of dissolved mineral matters.
The ground water may penetrate to great depths, and there 
are many municipalities that obtain their supply from the seepage 
water in the rock, 1,500 to 2,000 feet below the ground surface. 
Excellent water supplies of this kind are found in Illinois and 
Wisconsin in the highly water bearing sandstones.
The deep underlying rock formations have been very well
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studied in Indiana, Miohisran, and Illinois, and there is no 
liKelihood that water of good quality oan be obtained below the shale 
in the vioinity of South Bend. There have been several demonstra­
tions of this faot in your immediate locality. The rocK waters, 
where found, are highly mineralized, particularly with salt, making 
the use of the water impossible for domestic piirposes.
It is, therefore, on the sands and gravels of the glacial 
drift that South Bend must rely for a supply of ground water.
THE QLACIAL DRIFT:
There is much of value to water supply in the studies that 
have been made of the great glaciers that covered this locality, 
and extended south as far as the Ohio River. They were probably 
formed when a very cold climate prevailed, in much the same manner 
as the present glaciers in Oreenland, through the accumulation of 
snow to tremendous depths, and its packing, due to pressure.
At this time the rocks were thinly covered with soil, and the 
accumulation of surface material now overlying bed rook, - amounting 
to 200 or 300 feet in thickness in St. Joseph County, - were formed 
by the rubbing action of these great glaciers as they passed over 
the rock surface. The material formed under the glacier is des­
ignated by geologists as "till”, and is a mixture of stones and 
clay, intermixed by great pressure. It is very widely distributed 
in the glacial region, and usually overlies the rock.
As the edges of the glaciers moved forward into a warmer 
climate a melting of the ice took place, and the imbedded stones 
and miscellaneous detritus were deposited. There are indications 
that the edges of the glaciers remained practically stationary for 
long periods, the ice melting away as fast as it moved forward.
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and at these places were formed great hillocks of miscellaneous 
drift material, imperfectly stratified. These ridges are called 
"moraines."
The melting of these glaciers, going on probably more or 
less all the time from underneath, and particularly during the 
recession of the glaciers v;hen the climate was becom.ing warmer, 
formed streams underneath the ice, and outside of the glaciated area 
These stream.s brought down great quantities of sand, gravel, and 
boulder clay, and deposited these materials in horizontal strata, 
separating out the coarse gravel, the sand, and the clay, the form.er 
being deposited only in the swiftest water, and the clay where the 
water was slow. The materials thus deposited are designated as 
"alluvium". The alluvium has doubtless been greatly added to by the 
subsequent flow of the rivers since glacial times.
A fourth class of glacial formiation is the "outwash" from 
under the edge of the glaciers, where the same occurred without 
well-defined water channels. In these so-called "outwash aprons" 
the materials are more or less stratified, although usually not 
horizontal.
These classifications of the drift are of considerable 
significance in the drift ground water supply, for the reason that 
the ability of these materials to absorb and transmit water is 
quite variable. The till is largely quite Impervious, although it 
sometimes contains pockets of sand and gravel of considerable area, 
and is often locally available for farm, wells. Municipal supplies 
can usually be obtained only in the moraines or outwash, or more 
particularly in the alluvium bordering these materials, and this
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Is doubtless the source of the water supply at South Bend.
Exhibit No.9 shows a map of the glacial drift in the State 
of Indiana. The prominent features as regards water supply, are 
the moraines, particularly in the Northern part of the State, 
adjacent to which, on low ground, water can be obtained under head.
Exhibit No.10 is a glacial map of St. Joseph County, 
showing the distribution and Kind of the glacial materials.
The area of St. Joseph County is about 460 square miles. 
The surface distribution of the glacial material is approximately 
as follows:
Till,
Outwash. 
Moraine, 
Alluvium,
24<fo,
24fo,
45<fo.
About three-fourths of the county is therefore underlaid 
with materials ranging from slightly pervious to highly pervious; 
nearly one-half of the county consisting of stratified alluvial 
deposits containing much sand and gravel.
SOURCE OF SOUTH BEND SUPPLY;
Exhibit No.11 is a profile, platted to scale, showing the 
results of wells and borings along a line extending, roughly, 
southwest from the vicinity of Portage ParK to the vicinity of 
La Salle or Bech Lake. It shows the static water levels, and the 
nature and thickness of the materials penetrated in drilling. 
Exhibit No.12 is a similar section extending south from the North 
Pumping Station. Exhibit No.13 is a section parallel to the
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general course of the river In the river valley.
These sections indicate a strong flow of water from the 
high ground south, southwest, and west of the city. The evidence 
is also circumstantial of a greater or less flow from the north, 
although very little data is obtainable of deep drillings north of 
the river. Such data as exists points to conditions similar to 
those to the south of the city.
Prom similar conditions elsewhere, in first taKing up this 
problem it was thought likely that a strong flow would be found 
parallel with the river in the coarse alliivium, probably drawing 
supplies from the moraines and outwash for a considerable distance 
up the river.
The evidence seems to indicate, however, that there is a 
break in the pervious alluvial deposit in the eastern part of the 
city, at least that if the deposit is continuous, it swings to the 
south of the present river channel. The evidence on this point is, 
First, the decline in the static water level southwestward from 
North Station, and. Second,the poor water bearing materials found 
in the city test well in La Salle Park (boring No.8), in which 
clay was found to immediately overlie the shale, - a condition 
found nowhere else to the westward. - also the unsuccessful wells 
in Mishawaka in the vicinity of the present water works, and the 
very high elevation of the shale at this place (See Exhibit No.13). 
The new Mishawaka water works wells, south-east from the present 
plant, disclosed a very different drift formation, with shale at 
235 feet below South Bend datum, - a position 140 feet below the
shale at the South Bend Central Station. This would seem to 
indicate the possibility that the position of the pre-glacial river
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was somewhere south of the present course, and it is possible that 
the South Bend water-bearine: stratum may be connected to the 
alluvium upstream throus^h pervious materials, considerably south of 
the present river channel, possibly even underlying the outwash 
apron, and possibly even the moraine lying south of the present 
stream.
Such a condition is possible, because there are several 
well - recognized glacial periods in this region. The evidence 
indicates that this region was visited by three separate periods 
of glaciation. The moraines, - the most mar*Ked glacial evidence, - 
belong to the latest, or "Wisconsin" period. The evidences of the 
earlier periods are largely eradicated or hidden, and it is quite 
possible that the pre-glacial river channel may be filled with such 
materials as to contribute largely to the present water supply at 
South Bend.
The evidence Indicates that in a natural state the rain­
fall collected upon the high ground is reaching the present river 
probably largely at some point below South Bend, by percolation 
through the underlying sands and gravels.
EFFEOT of lake KANKAKEE:
The broad belt of the alluvium southwest of South Bend 
(See Exhibit No.10)- owes its origin to the existence in late 
geological times of the so-called geological Lake Kankakee, 
which is supposed to have been formed by reason of the more rapid 
recession of the glacier in Illinois and Northeastern Indiana at 
a time when the then outlet through the Wabash River was blocked 
with ice. This resulted in the great sand deposit of the
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Kankaicee marsh. The northern end of this deposit not only doubtless 
serves as a gatherlnf? ground for the South Bend supply, but also 
probably as a transmission medium for the water collected upon the 
moraines.
THE OLAY BLANKET:
A very Important feature of the local ground water supply 
is the clay blanket overlying the water-bearing stratum in the 
river bottoms, and extending back under the terraces or low bluffs 
closely adjoining the bottoms to a greater or less extent. This 
blanket is of particular significance, in preventing the local 
escape of the water, to the end that it rises upon the lowest ground 
as much as 10 feet above the surface, thus permitting its utiliza­
tion at a small Investment, and, further, in the protection that 
is afforded against the contamination of the local ground water by 
the inevitable pollution of the city sub-soil.
The clay blanket has been located in every boring in or 
adjacent to the river bottoms between the Central Station and St. 
Mary's. It is penetrated in a nximber of other wells on the river 
terrace. It appears to be lacking at the Y.M.O.A., and at the 
grounds of the Singer Manufacturing Company it is only 2 or 3 feet 
in thickness in the eastern part, and entirely lacking in wells 
drilled a few hundred feet west.
In nearly all of the wells investigated some clay strata 
were encountered, but there seems to be no good evidence that the 
strata are continuous or of very large extent. It is probable that 
there exists ample means for the transmission of the ground water 
from its source to its outlet. Were this not the case, the large
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absorption of the moraines would appear in numerous springs and 
flowing brooKs, which seem to be almost entirely absent in this 
locality.
It is useful, in the consideration of this matter, to make 
some attempt at capacity computations, although accurate figures 
are not possible. There is, however, available some accurate data 
as to the limitlno: supply capacity of underground watersheds, and 
the transmitting capacity of sands and gravels of various kinds. 
Such calculations frequently show that the accomplishment of a 
desired purpose is wholly Impracticable, or they may indicate that 
under the most unfavorable circumstances very large supplies can be 
obtained.
CAPACITY OF CATHERINa gROUND:
Upon Exhibit No.10 we have enclosed by a dotted line, 
the surface area that is probably available for the collection of 
water developed, ad^jacent to the river, in South Bend. This water­
shed, in the absence of surveys, is approximately defined by the 
50 ft. contours of the geological Survey map; the information as to 
street grades in South Bend; a general inspection of the country; 
and the general drainage courses, as marked on the County map.
The area of the watershed so indicated is about 100 square 
miles, made up of the following surface materials:
Till,
Outwash. 
Moraine,
Alluvium,
Square Miles. 
Percent of Total.
8
6
38
___48
Character.
Slightly absorptive.
Highly
Total, 100
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Exoept In the southwestern part of the watershed, the sur­
face materials are adapted to the absorption of a very large part 
of the rainfall.
This conclusion, derived from the origin of the drift, is 
borne out by an inspection of the watershed. Ad;)oining the city on 
the north, south, and west, the moraines are very marked, the 
surface topography is very broken, and abounds in hills and de­
pressions; some of these depressions, many acres in extent, without 
outlet for the surface drainage except through sub-soil percolation. 
The sub-soil evidently readily admits the rainfall, particularly 
in one Instance noted, where a depression of this kind without 
surface drainage was completely covered with growing corn. A large 
number of similar, though smaller depressions, were noted over a 
large part of the area designated upon the map as "moraine”. This 
region is marked by the general absence of surface drainage lines, 
ditches, brooks, and creeks, west of the city several of the 
deeper depressions are occupied by a chain of lakes, fed from sub­
soil flow, that find their outlet southwesterly into the Kankakee 
marsh.
Some data exists as to the supplying capacity of sub-soil 
watersheds that will be useful in defining the probable limits of 
the watershed at South Bend.
The water supply of Brooklyn is largely derived from wells 
in the drift. Very careful studies of this supply were made by the 
Burr-Hering-Preeman Commission on the water supply of Creator New 
York. It was the conclusion that about 30fc of the rainfall reaches 
the sub-soil and is available for the ground water supply by piimplng
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plants, properly looated,
A study of several small watersheds adjoining Philadelphia 
(upon which rainfall and run-off records have been Kept over a long 
series of years) indicates that from 12 to isfo of the rainfall 
reaches the sub-soil.
Experience in the sand dunes of Holland, Europe, where 
the ground water is greatly prized, indicates that from 30 to 50fo 
of the rainfall is, or can be, profitably collected from the sub­
soil .
An examination of the ground water supply at Holland, Michigan 
(made by the writer), Indicates that from 22 to 30fa of the rainfall 
has been collected from the sub-soil watershed at one of the city 
IJumplng stations, and a similar investigation at Jeffersonville, 
Indiana, upon a plant that Is Known to use only part of the avail­
able sub-soil water, has, for a number of years, developed about 
8fo of the total rainfall on the watershed.
The conditions in Holland, Europe, and BrooKlyn, N.Y., are 
reported as quite favorable for the collection of ground water; 
that is, the soil is quite porous. At Holland, Michigan, the soil 
is a sandy loam, underlaid by sand, less favorable in porosity 
than the moraine adjacent to South Bend. At Philadelphia and 
Jeffersonville the conditions are distinctly less favorable.
The annual rainfall at South Bend averages 35 inches, and 
ranges from 44 to 28 inches, based on the 15 years from 1894 to 
1908. Upon the assumption that 20fc> of the rainfall reaches the 
subsoil, - a conservative estimate, - the gathering capacity of the 
watershed will range from 20 to 30 million gallons per day. The
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monthly variations, and, in fact, the yearly variations, will 
probably have but a slif^ht effect upon the elevation of the ground 
water, especially near the outlet thereof, close to the St. Joseph 
river, for one foot in depth of sub-soil water over the entire water­
shed area is equivalent to a supply of 10 million gallons per day 
for a year, without replenishment.
In the writer's opinion, it must be concluded that as far 
as the gathering ground is concerned, it has the ability to collect 
all the water needed by South Bend for several generations.
TRANSMISSION CAPACITY FROM OATHERINa WATER:
The storage in the gathering ground can, of course, only be 
available at water worhs sites adjacent to the river through the 
existence of sub-soil water passages sufficient in capacity to trans­
mit the desired quantity of water. Through the investigations of 
Slichter and others in the flow of ground waters through sands and 
gravels, and the result of numerous investigations on the flow of 
water through filters, it is practicable, when the exact character 
of the sand is hnown, to make fairly accurate estimates of the 
resulting velocity through such materials. It has been demonstrated 
that, unlihe the flow in pipes, the flow through granular materials 
varies in direct proportion to the head or slope which causes the 
flow. Neglecting the factor of temperature, which has a consid­
erable effect on the flow of water through filters, the relation 
between velocity and slope is expressed by the formula,
V = K S ,
where,
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V = Velocity of travel through the pores, in feet per day, 
S = The slope of the water surface,
K = A coefficient, depending upon the character of the 
sub-^soll materials.
where the slope = 1; that is, 45®, a very steep slope 
occurring only close to the wells, the coefficient represents direct 
ly travel in feet per day. The following values of K are given in 
Turneaure & Russell's Treatise on Water Supply, as a result of the 
investigations of LembKe, Darcy, and Krober:
Sand and Gravel, 9,400,
Coarse Sand, 2,800,
Medium sand, 760,
pine sand, 150.
Professor Slichter places the following values upon K, 
depending upon the effective size of sand as determined by sifting, 
for materials having a porosity of about 30fo, which corresponds to 
most water-bearing sub-soil material:
Effective size 
in Millimeters,
K
( Ft. per day)
.2 171
.3 384
.4 681
. 5 1066
.8 2730
1.0 4260
-37-
TABLE B.
TABLE SHOWING EFFECTIVE SIZE OF WATER BEARING SANDS AT
SOUTH BEND, INDIANA.
Including Stones : Stones sifted out.
Effective Uniformity : Percent Effective Size Uniformity
Locality Size Coefficient : Stones Millimeters. Coefficient.Millime- : larger
ters. : than 1/6"
Leeper ParX Test Well at 75* .23 3.0 0
„ « « " 75'
to 100* .34 2.3 0
t " Fine sand above
water bearin'? material .12 0
Koont2 Wells .49 3.0 45 .25 5.7
Portae:e ParX 10" Test Well .37 4.2 21 .35 2.5
EcXman St. Test Well .49 8 43 .35 4
MishawaXa City Wells:
Sample #1 .33 2.6 19 .35 3.6
" #2 1.32 55
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As be&rlns particularly upon the capacity of the wells, 
the writer collected such samples of the materials as were available 
at the time of his visit, and although a small sample gives only 
an imperfect idea of the nature of the materials underground, the 
several samples from the different sources indicate approximately 
what may be expected. The sifting of these several samples is 
shown in Table B, herewith appended, showing a range in the effect­
ive sizes of the water bearing materials of from .3 to .5 millimeters 
Observation of the ground water profiles at the North Pump­
ing Station during the tests indicates that near that place the 
value of K is in the neighborhood of 2000.
Upon Exhibit No.14 the writer has marked the ground water 
contours as they have been approximately determined by the numerous 
borings examined. The approximate average length of the 35 ft. 
and the 50 ft. water contours is 5|- miles.
Assuming 40 ft. of water bearing material, and a slope equivalent 
to the fall in the distance between two contours, which averages 
about 2500 feet, the resulting velocity of flow and quantity of 
water being transmitted would be as follows; under several assump­
tions as to the character of the water-bearing materials;
Character of materials. Travel in ft. Quantity in
per day. Mil.Cals.per day.
K = 2000 ( At North Station) 12 ft. 54
Medium sand, (Lembke- 
K = 760) 4.5 20
Pine sand, ( Lembke - 
K-= 150) .9 4
The above computations are made on the basis Of 3^ 0
porosity. ..........1
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It is probable that even in the so-called water-bearing 
strata the character of the materials varies from place to place.
A very thin stratum of coarse gravel, free from sand, has a trans­
mitting capacity many times in excess of even the very coarse sand.
A bed of stones about l/s of an inch in size has a water capacity 
about fifty times as great as coarse sand. It will thus be seen 
that thin layers of coarse materials, more or less free from sand, 
have a large effect upon the average water capacity of a water­
bearing stratum, and this probably accounts for the fact that the 
flow coefficient adjacent to the North Station somewhat exceeds 
what would be indicated by the result of analyzing small samples.
It is regarded as probable that the transmitting capacity 
of the sub-soils between the borders of the gathering ground and the 
St. Joseph river is fully equal to the absorption capacity of the 
watershed, and this conclusion is borne out by the fact that springs 
adjacent to the city upon high ground are few and small. A laclc of 
transmission capacity would necessarily force this water to the 
surface.
What has been said above serves to confirm the impressions 
that have long prevailed, that there is sufficient ground water 
available at South Bend for several generations to come, and that 
investments can safely be made, with good assurance of permancy.
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BgST METHOD OF IMPROVINO AND INCREASINO THE PRESENT SUPPLY.
Before discussing the means for Increasing the present 
supply, it will perhaps add to a clear understanding to state the 
underlying principles of the flow from weDls in sand and ^gravel.
This principle is also the same for wells in any granular material, 
Including sandstone and limestone, where the water enters the well 
through minute openings.
The ground water is caused to enter the well by a depressior 
in the water surface in the well, and the difference in level 
between the water in the well and the water in the ground is the 
head or force that produces the flow. This head is principally 
required to force the water through the sand ad^jacent to the well. 
With proper construction and maintenance there should be very little 
loss in entering the well Itself. In an open well this head can 
be directly measured by noting the ground water level at some 
distance from the well and comparing it with the water surface in 
the well. In Inclosed wells, pumped by suction, this direct measure­
ment can not be made, but the same fact can be ascertained by the 
assistance of the vacuum gauge.
Owing to the nature of the flow through granular materials, 
which has been hereinbefore referred to, the water producing capac­
ity of any particular well Is directly proportional to the head 
induced thereon by pumping; that is, if we note the ?mter level in 
a well before the pump is started and we find that lowering the 
water level in the v?ell to the amount of 5 feet produces, say 100
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gallons per minute, we are assured that 10 feet will produce 200 
gallons per minute, and so on. This is exactly true of all usual 
relatione between well diameter and capacity in water worKs construe 
tion. In considering very excessive capacities per well, a small 
correction for friction in the wel3 tube must be made, but this is 
of litt3e significance in the consideration of the South Bend supply
This principle a3so applies to so-called artesian wells, 
as follows:
If in its natural state the water stands say 5 feet above 
the ground, and we find that the well will flow 100 gallons per 
minute if opened at the ground level, we may be assured that 200 
gallons per minute may be obtained by pumping to a depth of 5 feet 
below the ground surface. Each well when being pumped or when 
flowing, affects the water level or static head in the ground for 
a certain distance in every direction from the well; that is, if a 
series of pipes were drilled into the v/ater-bearlng stratum at 
uniform intervals in any direction from the well, it would be found 
that close to the well the water level would be nearly the same as 
in the well, and the water level in the other pipes would be found 
to stand higher as the distance from the well Increases, until a 
point is reached where the normal ground water level is not affected
As a result of this condition, we find that a group of 
wells does not furnish the same quantity per well under a given 
draft or head that is found to be true for a single well. This is 
owing to the fact that the Influence of each well is lively to more 
or less overlap the influence of its neighbors. Under most cir­
cumstances, to place wells so far apart that they would be entirely 
uninfluenced by their neighbors, would require such a large invest-
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raent In suction pipes as to make it more econonical to compromise 
and suffer more or less interference to taKe place. This interfer­
ence in the wells almost always occurs where the group of wells 
taps a single continuous water-hearing stratum..
A second general principle is this; that if a group of 
wells depresses the ground water level, in the immediate vicinity 
of the group, a certain amount in furnishing a certain quantity of 
water, that so pumping the group of wells that the water level 
depresses to double the amount, the quantity of water secured from 
the group of wells will be doubled.
The general principle that capacity varies directly as 
the depression in the ground water surface in a single well or in 
a group of wells, is an important principle to Keep in mind in 
the consideration of the problem at South Bend. The character as 
to fineness or coarseness of the sand or gravel does not affect the 
general principle stated. The nature of these materials, however, 
does vitally affect the am.ount of water that can be secured per foot 
of depression or draft.
To aid in estimating the writer has made certain tests 
upon the existing wells at both stations, and has further noted 
the results from a nunber of tests previously made. A comparison 
of the old tests and those made recently serves to prove that the 
conditions today are not materially different from, those of many 
years ago, and a comparison of tests in the different localities is 
liKewise instructive as bearing upon the desirable locations of 
pumping stations.
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SPEOIFIO OAPAOITIBS OF SINOLS WELLS:
Diagram No.17 shows the relative oapaoity of two of the 
first five 6 inch wells driven at the North Station in 1895.
The tests v/ere made Imm.edlately after drilling the wells. The other 
three wells were tested and the capacities fell between those hereon 
noted. The diagram also shows a test of the 10 inch well at the 
Portage Parle water works site, made this year, and also a test of 
one pair of the new 10 inch **Koontz” wells at the North Station.
A comparison of these tests indicates that there is no material 
difference in the water gathering capacity at Portage Park and at 
the North Station.
In regard to the ”Koontz" wells, owing to the location of 
valves, it was impossible to test a single well, and the flow curve 
as platted represents the result of two wells, 4 feet apart, tested 
simultaneously. It is probable that a test from a single well 
would show a capacity somewhat greater than any of the other single 
tests, owing to the long coarse strainer used.
Exhibit No.17 A is a tabular summary of all the well 
tests showing the capacity per foot of draft. An exam.lnation of 
this table serves further to emphasize the uniformity of the water­
bearing materials from Central Station to Portage Park.
STATION CAPACITY:
The pump tests at the North Station and Central Station 
are summarized in Exhibit No.16.
Exhibit No.19 illustrates the respective capacities of the 
North Station and the Central Station, and also shows the govern­
ing elevations, ground level, floor level, and static water level.
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all having a bearing upon the development of the water supply.
All levels are platted In reference to South Bend city datum.
It will be observed that at the North Station, owing to the low 
floor level, the pumps were capable of depressing the ground water 
level In the wells approximately to the datum line, thus securing 
water at the rate of about 9^ million gallons per day, while at the 
Central Station, where the floor level is nearly 7 feet higher, 
and the static water level about 5 feet lower, the pumps were able 
to secure a little over 5 million gallons per day; the water level 
being depressed to about +9 dt7 <3atum.The depression of the water 
levels refers to the conditions in the wells. At both places the 
vacuum on the p\imps was slightly greater owing to the necessary 
friction in the pipes. When the North Station was being pumiped 
at the rate of about 9 million gallons per twenty-four hours, the 
water level in the wells averaged close to the datum line. The 
water level within the group of wells, as observed by closing off 
a single well, stood at about datiun 11. The water level in the 
last test well, 500 feet west of the nearest well in operation, and 
about 750 feet west of the center of the group of wells being 
pumped, stood at elevation 18. All these levels should be compared 
with elevation 29.5 static ground water level observed when the 
station was shut down.
MEANS FOR INOREASINO STATION CAPACITY:
There is no question but that the condition of the strain­
ers in the wells at the North Station is such that the supply at 
this time is materially less than it should be. Exhibit No.19 
shows that with the *'Koonts” wells shut off the station is capable
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of producino: only about 5|- million gallons. Mr. Thomas Ayres, 
Superintendent, states that previous to 1905, these same wells 
oould, and did, at times run both pumps at full rate, amounting to 
about 9 million gallons per day.
The test of the North Station at maximum capacity Indicates 
that about ll feet of head Is required to force the water the last 
100 feet toward and Into the well. The average delivery per well 
during this test was about 140 gallons per minute. The numerous 
tests upon single wells when new Indicate that only about 5 feet 
of head Is required to deliver the sam.e quantity of water.
Mr. A. J. Hammond, former City Engineer, in his Report to 
the Board, printed in the Annual Report of 1908, mentions the clogg­
ed condition of the strainers at the Central Station, and gives a 
test showing the beneficial effect of cleaning the strainers.
A similar result is mentioned in the Annual Report of 1904, In 
which 30 wells at the North Station were cleaned by the American 
Well Works.
It Is concluded that with good strainers, well maintained, 
the flow from the present system of old wells can be Increased 30fo.
It is probably too much to expect that any strainer will 
permanently operate without occasional removal and cleaning. It is 
of great advantage that the strainers be of considerable length, 
and coarse In mesh, and it is of vital Importance that they be so 
constructed that they can be removed and replaced without destroy­
ing the well. The strainers of the original 30 six Inch wells at 
the North Station are short - not exceeding 10 feet in length - 
have a. very fine gauze mesh, and are screwed fast to the well
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oasing. Although it may be possible to clean these wells by the 
use of compressed air or bach-flushing, it is probable that these 
wells must be replaced before the full usefulness of the North Sta­
tion is secured, and in the estimates of cost, hereinafter given, 
it has been assumed that practically all of these old wells on the 
mainland will be replaced with new wells. It is not advised 
that this be done, however, until the effect of cleaning is tried, 
and it is strongly urged that when this is done an intelligent test 
of each well before and after cleaning be made.
OONOLUSION AS TO ULTIMATE OAPAOITY OF NORTH STATION:
It is concluded that the system of wells in Leeper Parh 
can be so improved and extended as to produce from 12 to 15 million 
gallons per twenty-four hours without depressing the well water 
levels below "suction reach" from pumps located at substantially 
the present floor level. It is practicable to still further increasii 
this capacity very materially by depressing the elevation of the 
pumps and suction pipes, or by the operation of deep well pumps, 
but the writer does not favor either of these methods. It is only 
with great difficulty and expense that deep suction pipes can be 
maintained air-tight, and the maintenance of the suction pipes in 
good condition is very important in developing this supply by 
direct suction. .
THE EFFECT OF ST ORAOE:
As has been previously pointed out, the maximum consump­
tion of the city is fully three times the average consumption, and 
the maximum piampage rate at the North Station is more than six
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tlmes the average pianpage rate. When fire protection Is considered, 
these ratios are very materially greater.
When pumping directly from the wells to the distribution 
system, the capacity of every part of the plant Is based upon the 
maximum rate of constimption even for a very, short period. It would 
be of material advantage if the rates of pumpage could be made more 
uniform, and this can be accompl ishedby the storage of the water 
so that the supply can be fed from storage when the demand is at a 
maximum, and replenished when the demand is at a minimum.
It is not practicable to build a storage reservoir 
sufficiently large to be of effect on the seasonal variations in 
the pumping, but if the variations in the hourly rates of the 
maximum day could be eliminated the pump capacity for domestic 
service could be cut substantially in half, and material savings 
could be effected by eliminating the extreme variations for the 
maximum hours. This could be accomplished by a small amount of 
storage, and would be economical if the storage is not too costly.
It is evident that to be of any assistance to the pumping 
engines the storage must be elevated; that is, that the reservoir 
must be built upon high ground, or a large standpipe constructed 
preferably upon as high ground as can be obtained reasonably 
adjacent to the pipe system. The elimination of the heavy draft 
rates upon the wells can be largely accomplished by the construction 
of a reservoir on the ground level at the pumping station.
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ELEVATED STORAGE:
There are many cities that utilize large storage reservoirs 
built upon ad;jacent high ground. These cities are very fortunately 
situated, because a uniform rate of pumpage can be maintained, but 
no such site is available at South Bend, and any elevated storage 
structure would necessarily be in the nature of a standpipe. The 
governing elevations in this matter are as follows; all levels being 
stated in reference to city datum:
Central Station, 24.7 ft
North Station, 18.3 f t
Top of Standpipe, (= 97 lbs.fire pressure) 255 ft
(EqulVjOf domestic press. 80#) 216 ft
Level of over 90fo of City, 50 to 60 ft
Small area north east part, 80 to 85 I f
Small area south part, 70 to 85 ft
small area south part, not yet piped. 90 to 120 If
Highest ground available for standpipe.
3000 feet south of Ewing Ave., 173 ft
It would therefore require a standpipe about 80 feet in 
height to be useful for elevated storage.
It has been proposed to construct a standpipe on this site, 
and to lay about 11,500 feet of 20 inch main, to connect it with 
the principal artery of .the distribution system.
As bearing upon the needed capacity in storage to effect 
given results, reference is made to Exhibit No.7 which shows the 
hourly pumpage rates upon a maximum summer day. Upon this day the 
maximum rate was 14 million, or 583,000 gallons per hour. The
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effect of various storage capacities in reducing this hourly rate, 
based on this day, are as follows:
Maximum Pumpage Rate, 
with Storage. 
Mil. dais.per 24 hrs.
volume of Storage 
in gallons.
dais.per hr.
14 583,000 0
12 500,000 161,000
11 460,000 310,000
10 417,000 527,000
9 375,000 853,000
The average pumped on this particular day was 8.2 million 
gallons. The standpipe proposed was 40 feet in diameter and 80 feet 
in height, containing a total capacity of 740,000 gallons, and 
containing 363,000 gallons above the domestic pressure line. It is 
estimated that the storage capacity above the dom.estic pressure 
line in this standpipe would have been effective upon the day of 
maximum consimption noted to the extent of reducing the maximum 
hourly pumpage rate by the amount of 3.2 m.illion gallons; that is, 
it would have reduced the necessary pump capacity about 23fo.
The estimated cost of the proposed standpipe was #18,700.00, 
and the cost of the 20 inch mein (11,500 feet in length) about 
#44,000.00, making a total cost of #62,700.00 or allowing reason­
able rates for interest and depreciation, a fixed charge of about 
#4,000.00 per annum. It is practicable to provide the same amount 
of storage at the ground level at the water vrorks station, and pump­
ing facilities sufficient to maintain the reduction in rate effected 
by the standpipe, at an expenditure of not to exceed #25,000.00,
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with fixed charges of less than ^2,000.00 per annum. It Is believed, 
therefore, that, from the standpoint of economy, this standpipe is 
not warranted. If built, it will involve the necessity of either 
suffering a material reduction in the city water pressures near the 
end of the storage period, or it will necessitate filling the stand­
pipe to a point near the fire pressure level during the night, 
either of which contingencies would be undesirable from an operation 
standpoint. It would further make impossible the prompt raising of 
fire pressure unless a controlling valve were placed at the base of 
the standpipe, and if such valve were closed the beneficial effect 
of the storage would be lost. It is concluded that the water can be 
most profitably stored in surface reservoirs at the water works 
station.
gROUND LEVEL STORAaE:
A storage reservoir at the water works station will accom­
plish two important purposes. It will permit a uniform pumping 
rate at the North Station for the supply of domestic consum.ers, and, 
if sufficiently capacious, will store sufficient water so that a 
large conflagration can be extinguished at any rate of pumpage 
made possible by the pumping machinery, without regard to the supply 
from the wells. A reservoir of 5 million gallons capacity will 
contain sufficient water to make possible a uniform twenty-four 
hours' pumpage, and at the eam.e time, reserve sufficient water to 
supply 5,000 gallons per minute, or 20 fire streams for a period of 
at least ten hours, assuming that the wells are pam.ped at such 
capacity as to supply the domestic oonsvuners only.
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A rect8n<?ular, box-type, relnforoed concrete reservoir, 
is susigested, about 135 ft. x 250 ft. in plan. A good site for this 
reservoir exists southeast of the station, immediately east of the 
tennis courts. Judging from the borings - the report of which has 
been examined - the sub-soil conditions are particularly unfavorable 
for deep excavations, and it is tentatively suggested that the 
reservoir be constructed about half its depth in excavation. The 
estimates include a reinforced concrete cover, and, if desired, the 
reservoir can be covered over with earth and sodded. If not covered 
with earth, the reservoir can be made attractive, architecturally.
Some two or three years ago a suggestion was made to effect 
storage by the construction of a deep reservoir, into which the 
wells would discharge by gravity. On a site underlaid with 
Impervious clay this plan, or a slight modification of it, would 
doubtless worK out to great advantage. The writer is inclined to 
acquiesce in the Report of Mr. E. E. Brownell, made in 1909, that 
under the existing sub-soil conditions, such a scheme would be 
burdened with excessive cost and some considerable danger.
Based upon the pumpage rates forecasted on Exhibit No.SA, 
and the figures hereinbefore given as to desirable rates for fire 
protection, and also considering the effect of storage, the nec­
essary station capacities for the next twenty years are as follows; 
all pumpage rates are expressed in million gallons per twenty-four 
hours:
----------------------------------------- - ------------------------------------------------------j
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Present Time. 1920 1930
Pop. 54,000. Pop.75,000. Pop.110,000.
Capacity of machinery,
Domestic Maximum, 6 Hrs. 12i 17^ 25
Capacity of Machinery,
Fire Protection, 9 11
Total capacity machinery. 20 26i 36
Capacity Central Station,
deducted, - - - -  --- --- - - 4 4 4
Machinery,North Station,— 16 22^ 32
Desirable contents of Storasre,
Domestic Purposes, 1 2
Desirable contents of Storage,
Fire protection. 3 4 5
Total contents storage. 4 7
Total necessary capacity from
Wells, 10 14 19
Capacity Central Station,
deducted, - - - - - - - - - 4 4 4
Total necessary well capacity
North Station, - - - - --- 6 10 15
It will thus be noted that the net effect of a 150,000.
investment in storage will practically permit the existing well
supply to furnish the necessary water for seven or eight years to
come, providing the present well capacity suffers no further de-
crease. It is not to be ejtpected, however, that such a fortunate
circumstance is liXely to exist, and the writer recommends the
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improvement of the present well system to the extent of correcting 
the existing excessive strainer losses; the strainer system to be 
so designed that It can be maintained in good condition.
GENERAL PLANS FOR IMPROVEMENT OF WORKS:
In order to form an intelligent idea as to the most econom­
ical means of supplying the city with water, now and hereafter, two 
of the more promising pro;ject8 have been worked out in more or less 
detail. Further study by the designing engineer in the preparation 
of plans and specifications, will no doubt disclose m.odlflcations 
in the suggested plans, that can be profitably made, but it is 
believed, that the general decisions are sufficiently accurate for 
preliminary estimates and bases of comparison.
The plans will be considered in the following order:
Plan No.l, - The Rehabilitation of the Existing Plant in Leeper 
Park (the North Station)* and Plan No.2, - The Construction of a 
New Plant at Portage Park in the vicinity of Terrace Avenue and the 
River.
PLAN NO.l. - IMPROVEMENT OF NORTH STATION:
This plan, for sanitary reasons as formerly recommended, 
involves the abandonment of the wells upon the island ad;)oinlng 
the station, and the improvement of all, or nearly all, the exist­
ing old wells to the extent of renewing them entirely, if necessary: 
the construction of a small suction well at the pumping station: 
the construction of a 5 million gallon reservoir: the installation 
of two 5 million gallon, engine or turbine driven, low lift centrlf 
ugal pumps for filling the reservoir: a 10 million gallon high
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duty pumping engine, and the increase of the boiler plant by the 
addition of 250 Horse Power.
It is estimated that by the year 1920 the pumpage will have 
grown so that additional improvements will be necessary, as follows:
One 10 million gallon medium duty engine; an additional 
250 Horse Power Boiler; an additional low lift pump, and about 9 
additional wells, probably located to the southeastvifard of the 
existing group.
By about 1930 it vfill be necessary to add one 10 million 
gallon medium duty engine; two additional 250 Horse Power boilers; 
about 19 additional wells, located in the western half of Leeper 
ParK; a further addition to the pumping station building, and also 
about million gallons additional water storage. The estimated 
cost of these improvements is shown on Table 0, and the estimated 
operating costs, with fixed charges on the additional investment 
added, are shown in Table D.
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t a b l e g .
COST OP IMPROVINO NORTH STATION.
Year 1912 - (Average pumpasre 5 Million)
1 -  10 million high duty engine,
2 -  5 " low lift centrif­
ugals,
1 - 250 H.P. boiler,
Chlmney( If necessary)
Addition to building (for condi­
tions of 1920)
Improvement of present wells or 
additional wells. 
Rearrangement of suction and 
discharge piping.
Reservoir,
Contingencies and incidentals
(io4)
#55,000.00
6,000.00 
4,000.00 
4,000.00
14.000. 00
12.000. 00
3,000.00
50,000.00
12.800.00 #140,800.00
Year 1920 -
1 - 10 million med.ium duty engine,
1 - 250 H.P. boiler 
1 - 5  million low lift centrifugal. 
Additional wells and pipes. 
Contingencies and incidentals (10%)
1 2,0 0 0 .0 0
4.000. 00
3.000. 00
7.000. 00 
2.600.00 28,600.00
Year 1930 -
1 - 1 0  million medium duty engine,
2 - 250 H.P. boilers.
Addition to building.
Addition to reservoir.
Additional wells.
Contingencies and incidentals (IC^)
12,000.00 
8,000.00 
7,000.00
25.000. 00
15.000. 00 
6.700.00 73.700.00
#243,100.00
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TABLE D .
OPERATINa EXPENSE AND ANNUAL COST, 
IMPROVED NORTH STATION.
Old Station Improved Station
Year 1910. 1912 1920 1930
Station Operating Cost •
Labor $5,000. $5,000. $6, 500. $7,000.
♦Fuel 7,555 4,680. 6,560. 9,470.
Repairs 433. 600. 900. 1,500.
Incidentals 386. 500. 800. 1,300.
wells 1,055. 2,500. 3,500. 5,000.
$14,429 $13,280. $18,260. $24,270.
Interest and depreciation
on added Investment 9 9,640. 11, 810, 16,840.
TOTAL ANNUAL COST, $22,920. $30,070. $41,110.
Principal Operation Details.
Pumpage total average
dally, 4.73 5.0 6.8 9.6
North Station 1.34 2.0 3.8 6.6
Goal tons per year 2629 1630 2280 3300
Station Coal duty
(Millions) 15 37 50 63
•Fuel (i ^2.87 per ton. •
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PLAN NO.2. - NEW STATION AT PORTAOE PARK:
In this plan the conatruotion of a station is contemplated 
substantially as has been formerly proposed, with some slight 
modifications to mahe the project more easily comparable with an 
improvement at the North Station. In brief, the project involves 
the ultimate use of substantially all the land shown on Exhibit 
No. 15, partly owned and partly optioned by the city. The plant for 
present and near future conditions. Includes substantially the same 
machinery and layout hereinbefore described at Leeper Park, and the 
moving of the existing steam m.achinery at the North Station. The 
estimate provides for a new boiler plant, although the old boilers 
might be profitably moved, depending tipon their condition. The 
estimate also includes a 50 inch discharge main, about 6200 feet in 
length, connected to the present distribution system, about two 
blocks west of the North Station.
By the year 1920 it will be necessary to add substantially 
the same improvements contemplated at the North Station for that 
year. The same is true of the year 1950, at about which time it 
will be necessary to add an additional 50 inch discharge main.
Table E shows the estimated cost of these improvements, and Table 
P is an estimate of the operating expenses with and without fixed 
charges.
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TABLE E.
COST OF THE NEW STATION AT PORTAOE PARK.
Year 1912 -
1 - 1 0  Million high duty engine, 
Moving two old pumps,
2 - Low lift centrifugals,
3 Boilers, 750 H.P.,
Chimney,
Pump House,
Suction Well,
Station pipes, valves and 
miscellaneous.
Wells,
Well pipes,
Reservoir,
30" Discharge main - 6200* 
Contingencies and Incidentals (lO^O
$35,000.00
3.000. 00
6 . 000 .  00 
12,000.00
4.000. 00 
25, 000. 00
3.000. 00
8 . 000 .  00
14.000. 00 
7,800.00
50.000. 00 
48,000.00 
23.580.00
$237,380.00
Year 1920 -
1 - 10 Million medium duty engine, 
1 - 5  " low lift centrifugal,
1 - 250 H.P. Boiler,
Additional wells ahd pipes, 
Contingencies and Incidentals (lO^ /^o)
1 2 , 0 00 .0 0
3.000. 00
4.000. 00
7.000. 00 
2.600.00
$28,600.00
Year 1930 -
1 - 1 0  Million mediiim duty engine,
2 - Boilers, 500 H.P.,
Addition to building.
Addition to reservoir.
Additional wells and pipes. 
Additional 30" force main, about 
Contingencies and Incidentals { lO io )
12,000.00 
8,000.00 
7,000.00 
25, 000.00 
15, 000.00 
50,000.00 
11.700.00
$128.700.00
$394,680.00
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I TABLE F •
OPERATINa EXPENSE AND ANNUAL COST.
NEW STATION AT PORTAOE PARK.
Old Station New Station.
Year 1910. 1912 1920 1930.
Station Operating?: Cost •
Labor, #5, 000. #5,000. #6,500. #7, 000.
* Fuel, 7,555. 3,700. 5,200. 7,500.
Repairs, 435. 600. 900. 1,500.
Incidentals, 386 500. 800. 1,300.
Wells, 1.055 2.500. 3.500. 5,000.
#14,429. #12,300. #16,900. #22,300.
Interest and depreciation
i on added Investment, - - 15.360. 17,550. 25.870.
TOTAL ANNUAL COST, #27,660. #34,450. #48,170.
Principal Operation Details.
Piunpage total average 4.73 5.0 6.8 9.6
daily.
Portage Station, 1.34 2.0 3.8 6.6
Coal tons per year. 2629 1630 2280 3300
Station Coal duty
(Millions) 15 37 50 63
• Fuel 2.87 Old Station and #2.27 New Station.
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COMPARISQN OF PROJECTS:
Table 0 summarizes and compares the principal figures of 
cost, operation cost, and fixed charges on these two projects.
One is led to the conclusion that, from a financijal standpoint, 
the improvement of the North Station has the advantage over a 
station at Portage Park to the extent of from $4,000, to $7,000. 
per annum, which is equivalent to 5^ 3 interest on #80,000.00 to 
#140000.00, without considering cost of land, which is also in 
favor of the North Station.
The North Station further has the advantage of its prox­
imity to the center of water supply, and the advantage of more 
than one delivery main, - an advantage that would not be en;Joyed 
by the Portage Park site (except at great expense) for a number 
of years. The Portage Parh station has a small advantage in the 
matter of its accessibility to switching facilities, making pos­
sible a saving of about 21^ in the cost of fuel. This saving, 
however, amounts to only about #1000,00 per annum under the 
improved coal economy of a new station at Leeper Park, under 
conditions of 1912, and about #2200.00 per annum for conditions 
of 20 years hence, - suras equivalent to from one-quarter to one- 
half the fixed charges upon the pressure main between the two 
stations. Allowances for these items have been made in the 
comparison of annual costs, hereinbefore given. It is conclud­
ed that the best policy lies in the improvement of the North
* ^
Station at Leeper Park.
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TAELS g .
COMPARISON OF PROJECTS. 
Nos. I and 2 ,
Pro.leot No.l. Pro.leot No.2.
Improved New Station 
North Station.Portaore Park.
Difference.
Investment in 1912 ^140,800. ^257,380. m |96,580
» « 1920 169,400. 265,980. * 96,580
« « 19S0 243,100. 394,680. m 151,580
Operating expense in 1912 13,280 12,300. + 980
" » '• 1920 38,260 16,900. 1,360
" '• *' 1930 24,270. 22,300. 4- 3,970
Fixed Charges in 1912 9,640. 15,360. * 5, 720
•» » " 1920 11,810. 17,550 m 5, 740
" " « 1930 16,840 25,870 m 9,030
Total Annual Cost:
Operation plus fixed charges 
in 1912, 22,920. 27,660. m 4,740
Operation plus fixed charges 
in 1920, 30,070. 34,450. m 4,380
Operation plus fixed charges 
in 1930, 41,110. 48,170. 7,060
»  In favor of North Station 
+ " '* " Portage Park.
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DEEP WELL PUMPINa:
As has been hereinbefore mentioned, It Is practicable to 
obtain almost any quantity of water desired at the North Station 
by deep well pumping. The writer has given considerable study to 
this method of procuring ground water, and has Installed a number of 
plants, now in operation, under lifts up to 150 feet. This tiTPe of 
pumping apparatus is necessary under some circumstances, and there 
is machinery now upon the marKet that will accomplish results with 
a minimum in the way of maintenance and operation charges.
Some consideration has been given to this means of pumping 
at South Bend, particularly with a view to the occasional use of 
deep well pumps in tiding the plant over its maxlmums, and thus to 
obviate the considerable investment in a storage reservoir. This 
would Involve deep well pump capacities of about 16 million gallons 
at the present time, and about 52 million gallons twenty years hence, 
and although the Investment in deep well pumping apparatus would be 
som.ewhat less than the sl50,000.00 investment in a reservoir to take 
care of present conditions, - perhaps two-thirds to three-quarters, 
considering alterations in wells and pipes, - the fixed charges upon 
apparatus of this kind are large as compared to the same charges on 
a reinforced concrete reservoir. It is believed that a low estimate 
of the fixed charges upon such apparatus would materially exceed 
the fixed charges upon the reservoir, without considering repairs 
or the power necessary to drive the deep well apparatus.
ElEOTRIC PUMPING:
Consideration has further been given to the possible use 
of electricity at the North Station, under a contract similar to
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that previously drawn up for the Koontz deep well pumps, which 
provides for a flat motor H.P, charge of One Dollar per month and 
for current at the rate of 0.8 cents per K.w, hour. It is concluded 
that the pumping service at the North Station is, and will be for 
a long time to come, too variable to make the use of electricity 
profitable.
It is evident, from the rates of pumpage shown in this 
report, that the average consumption of current vrould be but a very 
small percent of the reserve capacity that must be constantly avail­
able for fire protection, - at the present time not to exceed eight 
percent. The time will probably come when it will be desirable to 
install a small pumping plant to operate continuously. At such 
time, it may be economical to install an electric pump at Portage 
Park, or some other convenient location somewhat distant from the 
North Station, discharging water at a uniform rate through a compar­
atively small pipe into the distribution system. Such use of 
electricity for continuous, or nearly continuous operation, would 
probably be profitable, but such an investment would not be warrant­
ed until the beat use of the existing investment at North Station 
has been made to its fullest extent.
CONTINUED USE OF CENTRAL STATION:
A previous recommendation as to the desirability of 
permanently retaining the Central Station as a part of the water 
works, on account of the economy in operation practicable through 
the use of the water power is endorsed. It seems certain that the
improvements at the North Station will demonstrate the practic- 
ability of considerably increasing the available flow from the wells
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through the use of proper strainers, well maintained, and when such 
facts have been demonstrated, it is recommended that the Central 
Station wells, or as many of them as seems advisable, be similarly 
improved. It would be of considerable advantage to Increase the 
capacity of this station, by direct suction, to 4-| to 5 million 
gallons, and it can probably be accomplished by utilizing the street 
space ad;jacent to the station to obtain a somewhat better and more 
wide distribution of the wells. Care must be exercised, both here 
and at the Central Station, to obviate the possibility, wherever at 
all likely, of leakage from sewers or street ?msh entering the 
suction pipes. It is not possible that such leakage could enter 
the wells except through broken well casings, but leaks into the 
suction pipes are possible, and probable unless the sewers are 
removed from, the vicinity of the suction mains.
THE DISTRIBUTION SYSTEM:
The available time has not permitted an examination of the 
distribution system, sufficiently in detail to make definite 
recommendations as to all desirable enlargements at this time, and 
to provide for the increased water consumption and fire protection 
of the future. The present system is sufficient to provide ample 
fire protection for the business district for the next ten years 
at least. Your Engineers, Messrs. Burns Sr McDonnell, and the Board 
of Eire Underwriters, who have lately examined the city in detail, 
are agreed as to the desirable location of certain needed mains to 
improve the fire protection in the manufacturing district, and to 
strengthen the pipe system near the borders of the distribution
district.
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It l8 believed all these extensions are warranted, 
particularly those strenerthenlne: the manufacturing district In the 
vicinity of the RtudebaKer Plant, the Oliver Plow Works, and the 
Singer Manufacturing Company. The estimated cost of these exten­
sions Is ^30,000.00, exclusive of the cost of replacing paved 
street surfaces. If any such pavements are disturbed In the laying 
of these pipes. Owing to the location of these betterments. It Is 
not likely that a large amount of pavement must be cut Into.
In the not very distant future. It will be desirable to 
further strengthen the fire protection of the manufacturing 
districts by the extension of the large main In Washington Street, 
or preferably. If possible, connecting In a feeder at one of the 
streets paralleling same, west of Ohapln Street, and as the city 
grows, the main arteries leading to the outskirts must, at Inter­
vals of ten years or so, be strengthened by feeders that can best 
be worked out In detail at the time they are needed, although there 
should be a general plan worked out for the future enlargement of 
the distribution system, so that the betterments can be made from 
time to time, largely as extensions are needed, by laying the feed­
er pipes of such size as to fit Into the distribution system of the 
future.
USE OF PARK FOR WATER WORKS PURPOSES:
There should be no objection, aesthetically or otherwise, 
to the construction of a water works station In the public park 
of the city. The modern tendency In water works construction la 
to make the municipal pumping plant as attractive and as clean as 
a modern kitchen, and although the existing plant at Leeper Park
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Is structurally of* such character that it Is not an attractive 
place for visitors, it could be made so at an expense not at all out 
of proportion to the advantages to be gained. The public is prone 
to Judge its municipal water works by that which can be readily seen. 
The large investment in wells and distribution pipes is out of sight, 
and popular impressions as to the excellence of the water supply are 
usually based upon those things visible at the station.
It is perfectly practicable to make the municipal water 
works as attractive as any other park structure. The smoke can be 
reduced to a negligible quantity, - it is a detail of design,- and 
the coal can be handled in such a manner that there is no evidence 
of dust or dirt about the premises. It is practicable to construct 
the reservoir so that it will add to the attractiveness of the park, 
or, if desired, the reservoir can be entirely covered over and noth­
ing visible but a mound or terrace, which, by the assistance of the 
landscape gardener,can be made as attractive as any other part of 
the park.
There is adjacent to the existing water works, a menagerie, 
housed in a number of small, poorly-maintained buildings. This class 
of structure, close to the water works, is extremely undesirable 
from a fire protection standpoint; and they should be moved to some 
other location in the park more remote from the water works, not 
only from, the standpoint of safety from fire, but also for sanitary 
reasons. The existing buildings are of little value, and better 
structures should be provided, to be in keeping with the public 
park in South Bend.
The City of South Bend is blessed with the possibility of
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securing a pure supply of ground water in the very heart of the 
distribution system, and such an Important natural advantage 
should be used to its fullest extent.
In the preparation of this report, acknowledgement is made 
of indebtedness for valuable information furnished by the City 
Engineer, Mr. William S. Moore, Mr. Thomas Ayres, Superintendent of 
the Water Works (whose long association with the plant and whose 
intimate knowledge thereof has been valuable); helpful assistance 
has also been found in the studies that have been made by Messrs. 
Burns & McDonnell, and in the reports made by Mr. Brownell, 
Professor R. L. Sackett, Chamberlain and Howell, and particularly 
in the report of Mr. A. J. Hammond, former City Engineer, which 
gives much valuable data in reference to the history of the plant 
and tests upon the old wells and pumping apparatus.
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EXHIBIT NO.16 (a) 
SUMMARY OF TOLL TESTS.
NORTH STATION.
SOUTH BEND WATER FORKS.
TEST NO.l. - Slip Tept of North Engine.
C y l i n d e r s . x  24". Pieton rod diameter = 3f". Rated 
capacity.3 mil. ® 21.3 R.P.M.
Duration of teat.10 minutea.
Water pressure,85 lbs., suction.8". Average stroKe.21.8". 
Plunger displacement, 1,175 gallons per minute.
Water - pltometer measurement, 1,149 gallons per minute. 
Slip - 26 gallons per minute.
Slip - 2.0^/o of rated displacement.
TEST NO.2. - Slip Test of South Engine.
Cylinders. 24i" x 36". Piston rod diameter, 4t". Rated 
capacity.6 mil. © 14.4 R.P.M.
Duration of test,14 minutes.
Water pressure.85 lbs. Suction, 11". A v e r .stroke. .31.7". 
Plunger displacement, 2,085 gallons per minute.
Water - pltometer measurement, 1,987 gallons per minute. 
Slip - 98 gallons per minute.
Slip - 4.14®/i5 of rated capacity.
TEST NO.3. - Koontz Wells, Pair #1, Oct.20th (9:20 A.M. to 
9:45 A.M.) Average spacing,4 ft. - 2 vrells.
Duration of test, 25 mimites.
Conditions,- Had been operating small pump at approx.1.5 mil. 
gal.rate since 6 A.M. Started south pump at 9:20 A.M. 
Shut dovm north pump at 9:22 A.M.
Average rate of pumpage (corrected for slip) - 1,830 g.p.ra. 
Static v/ater level. Datum 29.5.
Suction water level at engine, " 5.1.
Water level in v;ells, " 5.1.
Water in well #2 (250 ft.from Koontz wells),Datum 23.9.
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EXHIBIT NO. 16 (a)- (Cont' d )•
TFST NO.4. - Koontj; WellB, - Pairs #1 and 9. Oct. 20 th,1 ' (9:45 A.M. to 10:00 A.M. ) .Average spacing, 6-2/3' .
Duration of test, 15 minutes.
Conditions - followed #5 test.
Average rate of pumpage (corrected) 2, 320 g.p.ra.
Static water level, Datum 29.5.
Suction v/ater level at engine. tt 8.0.
Water level in v/ells. « 6.2.
Water in well No. 2 (250* distant). ft 23.6.
TEST NO.5. - Koontz Wells, - Pairs #1. 5 and 9. Oct. 20th,
(10:00 A.M. to 10:20 a .m . ) Average spacing, 4 - 6
wells.
Duration of test, 20 minutes.
Conditions - followed #4 test.
Average rate of pumpage (corrected) 2,900 g.p.m.
Static water level, Datum 29.5.
Suction water level at engine, tf 4 .6 .
Water level in v;ells, ft 7.3.
Water in v;ell No. 2 (250* distant ), t l 20.9.
TEST NO.6. - Koontz Wells, - Pairs #1, 5, 9 and 7, Oct.20th.(10:20 A.M. to 10:45 A.M. )
Duration of test, 25 minutes.
Conditions - followed test #5.
Average rate of pumpage (corrected) 3,070 g.p.m.
Static water level, Datum 29.5.
Suction v/ater level at engine, tt 4.4.
water level in wells, tt 7.3.
Water level in v/ell No.2 (250 distant)'* 20.4.
TEST NO.7. - Koontz Wells, - Pairs #1, 5, 9, 7 and 3, Oct.20th.(10:45 A.M. to 11:05 A.M. )
Duration of test, 20 minutes.
conditions - followed test #6.
Average rate of pumpage (corrected) 3, 220 g.p.m.
Static water level, Datum 29.5.
Suction water level at engine. tt 3.5.
Water level In wells. tt 8.2.
Water level in v/ell #2 (250 dlf?tant) ” 20.9.
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EXHIBIT NO.16 (a)-(CONT* D).
TEST NO.8 . - Koontz Wells, - Pairs #1, 5, 9, 7, 3 and 11.
Oct.20th. tll:05 A.M. to 11:20 A.M.) Average 
spacing, 5* - 12 wells.
Duration of test, 15 minutes. 
Conditions - followed, test #7.
Average rate of pumpage (corrected),
Static water level,
suction water level at engine,
Water level in wells.
Water level in well r2 (250* distant).
3,310 g.p.m. 
Datum 29.5.
" 4.3.
» 8.0.
« 19.9.
TEST NO.9 . - Koontz ?relis,- All, (same as in test #8), Oct.20th,
(11:20 A.M. to 12:00 M.)«
Duration of test, 40 minutes.
conditions - same as in #8,except air pump now running. 
Average rate of pumpage (corrected) 3,400 g.p.m.
Static water level, Datimn 29.5.
Suction water level at engine, " 3.5.
Water level in wells^
Water level In well /2 (250* distant).
8 .2 .
19.4.
TEST NO.10. - All Wells. Oct.27th (8:00 A.M. to 11:10 A.M.)
Duration of teat, 3 hours, 10 minutes. (Readings diirlng
last 1 hr. 50 min. only used here from 9:20 to 11:10 A.M. )
Conditions - Ercm 6:00 A.M. to 8:00 A.M. pumped at approx.
1.5 mil. rate with north pump.
Air pump In operation,- South pump drav/lng on wells # 1 - 5  
and Koontz.
North Pump - Av. rate of pumpage (corrected) 2,440 g.p.m.
Static water level, 
suction water level at engine.
Water level In well #14, 
water level in ” #18,
Water level in ” #34,
water level in test y/ell (600 distant) 
« « « v/ell #7,
Datum 29.5. 
« -1.5.
w 0.9.
•' 1.5.
" 0.3.
" 18.2.
W 0.9
South Pump - Av.rate of pumpage (corrected) 4,160 g.p.m.
suction water level at engine, 
water level in Koontz wells.
Water level in well #7 (200* distant).
Datum -2.9. 
w 0.9.
n 0.9 (Con­
nected to other 
pump ).
-4-
TEST NO.11,
EXHIBIT NO. 16 (a)- (CONT' D ) •
- Wells #1 to 5, 7, 8, 10, 12, 14, 16, 18, 19, 22, 24, 
26, 28, 30, 32 tc 34,and 4 Koontz wells, Oct.27th. 
(1:30 P.M. to 2:10 P.M. ), 22 vrells out of service, 
24 wells in service.
Puration of test, 40 minutes.
Conditions - Pumping approx. 5,000 g.p.in.since 11:10 A.M.; 
from 11:10 A.M. to 12 M. cut cut 6" wells as above 
Indicated and one 10« viell. At 1:10, opened valves 
connecting suction lines; 1:15 P.M. to 1:30 P.M. cut 
out 8 Koontz v/elle. Spacing of wells approx. 150' .
Average rate of pumpage (corrected) North Pump 1,510,
South '* 3,990,
5,500 g.p.m
Static viater level.
Suction water level N.engine,t! w g, t
Water level in Koontz well,
I f
f t  f t
f f
ft
ff
ft
" Well #2,H " #7,
t .  t .  ^ 1 4 ^
« ",#18,
" ■ » #34,
" test well (600'
Patum 29.5.
" -3.2.
« -5.3.
" 2.0.
" 2.3.
" -5.4.
" -4.3)
" -3.8)not simultaneous.
" -5.2)
distant)datum 18.8.
TEST NO.12. - Wells as in test #11, Oct.27th. (2:10 P.M. to
2:40 P.M. )
conditions same as in previous test except pumping only 
with south pump.
Puration of test, 30 minutes.
Average rate of pumpage, 4,970 g.p.m.
Static water level,
Suction water level at engine, "
Water level in Koontz wells, "
*' ” " well ^2, "
n  n  I t  «  # 7 ,  «
n  I t  n  «  #14, "
I I  I I  I t  I I  #18, "
M " I n #34, (Aver. ) "
Patum 29.5. 
-2.5
2.8.
4.8.
-2.1.
-1.3)-1.9)not simultaneous 
-1.9.
» test viells. not measured.
-5-
EXHIBIT NO. 16 (8.)-(CONT' D ).
TEST NO.15. Wells as in Test #11, except all Kocnt? v^ella off.-
0ct.27th, (2:40 P.M. - 3:05 P.M. )
Duration of test, 25 mlm^tes. (Out of service,30 wells;
In service, 16 v;ells. )
Conditions same as In previous test, except Kocntz well ncv; 
off.
Avera^ >:e rate of pump age, ,3,720 g.p.m. = 5.3 mil.
Static water level, Datum 29.5.
Suction water level at engine, " -4.2.
Water level at well #2, •* 1.5)
I t  »  W I t  ,  *I
I t  I t  »  I t  / - X 4 ^  It
I t  I ,  n  M #18, "
-4.6) not
-1.4)slnultaneous.
-4. )
TEST NO.14. All wells except Kocntz - Oct.27th. (3:40 P.M. to
4:30 P.M. )
Duration of test, 50 minutes.
conditions - hetween 3:10 P.M. and 3:40 P.M. turned
on wells #17-15-13-11-9-20-6-21-31-23-25-27 and 29.
Average rate of pxjmpage, 3,720 g.p.m. ==5.3 mil.
Static vrater level. Datujn 29.5.
Suction water level at pump, W 2.3.
Water level at vrell #2, W +8.3.
It It " " #7, M 1.0.w It It It #19 j t 3.1It n It It #14, M 2.7) notIt „ I I #18 j n 2.0 ^ simultaneous.It » « I #34^ t? 3.7 )
TEST NO.1.
EXHIBIT NO. 16 (b). 
SUMMARY OF m L  TESTS. 
CENTRAL STATION. 
SOUTH b e n d w a t e r WORKS.
Slip TeBt of North Enf^ine,- Oct.16th,1911. 
(9:59 P.M. to 9:49 P.M.)
Rated
Rated
CylinderB,16" x 18”. Piston red diameter,2-r/8 ”> 
capacity', mil. @ 28 R.P.M.
Puration of test, 10 minutes.
Water pressure, 85#. Suction,11”.
Plunger displacem.ent, 11,180 gallons.
Water - pltoraeter measurement, 9,896.
Slip - 128.4 gallons per minute.
Slip - 11.5 per cent.of displacement.
TEST NO.2. - Slip Test of South Engine,- Oct.17th.
Cylinder,16" x 18”. Piston red diaraeter, 2-5/S”.
capacity,2j mil. ® 28 R.P.M.
Duration of test, 10 minutes.
Water pressure,85#. Suction,ll”.
PlTOger displacement, 10,000 gallons.
Water - pltometer measurement, 9,980 g.p.m.
Slip - 2 gallons per minute.
Slip - 0.2 per cent.of displacement.
TEST NO. 5. - All v/ells except #17-23-29-34-35-5 and 30.
Oct.19th, (8:30 A.M. to 9:00 a .m .)
Duration of test, 30 minutes.
Conditions - both pumps running, also air pump; had been 
running continuously before test.
Average rale of pumpage (corrected for slip) 2,250 gals.per min 
Static water level. Datum. 24.16.
Suction water level at south engine, 
Water level at north engine.
Water level suction line in reservoir. 
Water level v/ell #5,
Water level wells near #5,
9.9.
8 .2.
8 .6 .
15.3.
9.3.
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FXHIBIT NO.16 (T? )-( CONT'Tl)
TEST NO»4. - All wells Of south group except #5 end #10.
Oct.19th. (9:30 A.M. to 10:00 A.M.)
Duration of test, 30 minutes.
Ccndlticns - Shut dCTO during previous f hour*. Pumping 
v;ith south pump only.
Average rate of pvtmpage - 1,240 g.p.m. = 1.8 mil. 
Static water level, Datum 24.16.
Suction water level at south engine, " 10.4
Water level well #5, " 1 7 . 7 .
Water level wells near #5 (approx.) " 11.7.
Water level well #29, * 19.2.
TEST NO.5. - Wells of north group except #23,17,30,34,35 and 29,
and those of south group #10 being, on,- 0ct.l9th. 
(10:40 A.M. to li:10 A.M. )
Duration of test, 30 minutes.
Conditions - Shut down from 10:00 to 10:40 a .M. Operating 
only North pump during test.
Average rate of pumpage, 1,075 g.p.m.
Static water level.
Suction vrater level at north engine,
Water level well #5,
Water level well #29,
Water level well suction line,
= 1.54. 
Datxim 24.16. 
" 12. 1 .
" 21.0.
" 17.1.
*• 11.9.
Diagram Showing
Relative Capacities of various Wells
le s t e o l a lo n e  w it'h o u i’  in te rfe re n c e  b v  o th e r  wells.SOUTH BPNOilND.
17.
lo  AiCCompan;yThe8i8 o f 
Charles Baker Burdick
Sta tic  Ground Wate-r Levetu November 1911
P i o
5
52
I
o-juCQi
15
V-lu
lE
Uio
z
i5
26
25
X
— - - - -
— ’— T ~ I T— 1 1—
— -
1 1 1 -1 i ^
1 ■ ;
—
—
'
j
I
'
1--- -
! '
1
I
1 1
i ■
i
..... I . ' ,
. . .
__ _^_i_____
i . j
I I '
-  -
i
—  i - — ... — —
1
—
1
; i' !\ \
—
- -
j
— —
I .
I
L___ . ‘ ' I
\ 1
I
r “ —i V, \L a 1.lk\
V !
\\ X
Vi ^
L — %— 3 l
(a
r
c —
\ j K
\ 0•5k
— ------ --A 1 
4 i
1
\
1 r!
a 4 L______
*
• ^
\ s y
\
u-t %
\
---------V
''
\
A
>i \i
- 3 ! - I
\\
_ v
\
___v _ .
V
N
c s A ____
\\
A _ ______s
k----------
\
£ \
J l .
11 \  
l i \
500 K)00 1500
^  PuMBASr 6AL5. PEt? Minutt
Note r As reported by A.J. Hammond, three other 
wells lie between extremes shown.
2000 2500
20Z
EXHIBIT NO.17 A.
TABLE SHOWINC SPECIFIC CAPACITY OF SOUTH BENE TOLLS •
(i.e. Yield in gals .per min.per ft.of draft.
measured from static vrater level).
No. of Spec­
V.^ ells ific
Slmultan- Length Mesh Approx. Area Cap­
Place. eouBly Size. Strain- Strain- Spacing. of acity Remarks.
Pumped. ers. era. Group. per
Fell.
Portage Test nev/ well in
Park, 1 10 *• 16* coarse 32 1911.
N.station, 1 6« 10' Fine 38 Best of 5 wells,
10'
when new in 1895.t» tf \ t 31 Poorest of 5 wells
when new in 1895.
Central sta., 1 10" 30 Test in 1906,new
v/ell.
N.station, 2 10« 16' coarse 4' 37 Koontz wells, 1 yr.
old.Tested 1911.n n 4 10*» 16' t 25 Ditto.
It If 6 10" 16' t 22 Ditto.
I It 8 10 « 16' t 17 Ditto.
I I 10 10" 16' t 15 Ditto.
•' " 12 10" 16' •' 4' to 6' 6' X 20' 13 Ditto.
Central Sta. 12 411 to 10« 9' to 12' Fine 50' « 70' 8O' X 310' 7.5 South group, av.
»' 10' '• 15' 60' X 90'
age,16 yrs.It I 19 411 It 10» 9' « 12' 5. North group, av.
age, 23 yrs.
N. Station 16 6 '* «  10« 10' »t 16' t 1000' X 550' 7.3 All old wells, a^ .^
age,15 yrs.
N.station, 34 6»* I t  1 0  I t 10' t 16' tt  1 0 0 0 ' X 550' 4.0 All old v;ells,av.
age,15 yrs.
'• "  ( all )  46 6" II 10 It 10' •' 16' Fine to 1000' X 550' 5.05 Av.age,ll yrs.
?♦ V f t  g g 411 "  10” 9 '  ”  12' " 310' X 320'  ^ „ ( Incl. Koontz vfplip5.3 Av. ae^ e^  20 vrs.
Diagram Showing
Result ofTe s t o n I^ oontz Wells
SouHi Oerd viWer \^ forks
18.
lb  Accompan;y Thesis o f
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EXHIBIT NO.21.
LIST OP W L L  RPCORPS AND BORINGS.
SOUTH BFND. INDIANA.AN!! VICINITY.
1 (See Exhibit No. 14).
TEST ’fELL NO.l. - Allen and Oueen Streets
Elevation of ^ound, 20.0
"  static water level, 25.0
Sand, and gravel, 7 ft.
Clay, 12'8”
QuickRand, 10' 4»'
Clay, 16'
Sand, 39'
♦  coarse gravel. 22'Sand, 3'
Gravel , 22'
coarse sand and gravel. 14'
Shale, o '  9 '»
Dep th , 146' 9«
Water,static head +  4'6»» @  depth -  102 ft.
«  It ”  +  5 '  0 ”  ®  ” - 126 ft.
*Elov/ began when entered this stratum.
TFST NO.2. - N.e .corner Sherman and Rose Streets. (22-«)-
Elevation of ground. 18.6
”  static water level. 24. 3
Sand and gravel. 8 ft.
Clay, 10' 6"
Quicksand, l' 0"
Clay, 9' 6«
Quicksand, 6'
Clay, 6'
Quicksand, 10' 10 «
Clay, 12' 2«
Fine sand, 13'
*  Coarse sand and gravel. 30'
t i *f II II 15'
Quicksand, 5'
Gravel, 18'6«
Shale, o' 4«
Dep th. 145' 10'*
Static head +  6 4« @  89 ft. depth-
n II + 6  4** @  116 « tf
«  «  +  5* 9 @  142 « ♦»
*Elow began when entered this stratum.
- 2~
EXHIBIT NO.21 (CONT'B)
TEST V.rF’LL HO. 3. - Blaine Avenue near TracKe.
Elevation of ground., 24.1
*' static water level, 29.8
Sand and gravel, 25 ft.
Clay, 8*
Quicksand, 5'
Clay, 8* 6"
f^ lne sand, 39'6«
* Cravel, 57*li» +
Eepth, 142"T1.''*
Static head + 6*4"
It ft 6' 4 *'
If It + 5* 9 tf
® 99'
@ 116'
dep th.W
@ 142'
* Blow started at 85 ft. depth. 
+ Struck something hard.
TEST w e l l n o .4 . - Angella Avenue (1500 ft.east of Elver).
Elevation of ground,
” static water level.
Sand and gravel,
Clay,
Quicksand,
Bine sand,
Sand and gravel,
C1 ay,
Shale,
Pepth.
static head + 4'0« @ 124* depth.
» Head first produced.
18.6 
2 2 .6  
12 ft. 
19'
15'
24* 3*' 
50' 0|" 
5' 8-g-'' 
1*
12.5'
TEST ?fELL NO. 5. - Corner Humholdt and Allen.
Elevation of ground. 49.2
« static water level, 30.2
Surface sand and gravel. 
Struck boulder. 12' 
Another boulder,23'
23 ft.
Bine white sand. 19'
Clay, 35'
Medium v/hite sand. 33'
Oravel (B.B. ) 4l' 11« 
1 5 m » 'Shale at
Bater stood -18 to -20.
* Same as at vaster works.
-3-
EXHIBIT NO.21 (c o n t'd )
TEIST^ WELL NO.6. - An^ella Avenue 22F. ft. E.of Brlde-e.
Elevation of PTOiind., 16.2
" static water level, 20.2Top ground, 15 ft.
Sand and gravel. 6*
Oulckaand, 5’Clay, 21*
Quick a and, 46'
Fine Band, 13'
coarse water-bearing gravel. 42'
Shale at  ^ 148*
Pep th, 1487
Static water + 4.0 @ 93 depth.
« ’» + 4.0 @ 148 ”
TEPT OTLL NO.7. - Portage Park. (10«).
Elevation of ground, 21.5
" static water level. 26.0
102' deep,
No record.
TEST WELL NO.8. - La Salle Park. (Jan. 1911) Eddy St./5: River.
Elevation of ground (approx. ) 31
Static water at about river 1evel
Top soil. 10'
Blue clay. 40'
* Cravel.round coarse stones,
fine sand, water. lO'
Clay, 50'
Quicksand, coarse sand and
fine gravel, 20'
C ay, 20'
Shale at l 5 ^
* Not same as at water v^orks.
TFHT W L L  NO.9. - Eckman and LaEayette Streete. (10«)-
Elevation of groimd (approx.) 95'
” static water level
(approx. ) 9l'
Top ground. 20'
Cl a:/, 40'
•+• Coarse gravel. 10'
Quicksand, 20'
Clay, 20'
-4-
TEST VELL NO.9. - FcKman and LaEayette Stneeta, ocnt'd.
* Good water-'bearinfy gravel, Ig'
Shale at 122'
+ Sa^ fie aa In LaSalle Park.
* Same as at Eater works.
TEST TrELL NO.IO. - Near Chapin and Warren Streets.
Elevation of gronnd, (approx. ), 107'1« static water level, 78
Surface soil. 2'1Sand, very fine, 23
Clay, "blue lO'
Gravel, coarse and fine sand, 4'
Gravel, mixed with clay, 14'
Gravel, round, stones, fine sand , 39'
Fine gravel and sand (ditto), 28'
Light colored gravel and sand,
(sand Is fine and gritty) 7'
Light colored sand, 10'
Dark colored sand. 10'
(Coarse hut little ’vater)
On shale. 147'
Shale, 34'10**
1 Depth, 18 27"
At depth of 95' water 40' from surface.
« t .  « 153' <• 29' »' «
TEST ITPLL NO. 11. - Deeper Park.
Elevation of ground, 17.5
w static water level. 28.8
Top soli. 7'
BroTim clay, 29
Quicksand, 2' - ^  1Blue clay, 17^ tQul cksand, 5^
 tFine sand. 151coarse an^Qilar sand and gravel, 25
Finer " " " " If.
No sample,hut prchahly shale 1at depth. 114
TEST 'EKLL NO. 14. - N. Pumping Station-
Elevation of ground 13.13
« static water level
(approx. ) 29
Top sell. 16' - 1Brown clay. 11
Quicksand, 4'
-5-
TF?T TOLL NO.14.- N. Piimpinp" Station, Ocnt'd.
Clay, 11'
Out cX a and, 3*
Fine gray sand, 29'
Cravel and anynlar coarse sand, 10'
Pebbles and coarse sand. 12'
Coarse mixed sand. 14'
Finer *' *• 8'
Shale 3'
Depth, 121'
NO. 18 . - TOLL AT CFNTPAL STATION.
Elevation of ground (approx.) 25.4
" static ’vater level, 24.2
Top soil. 14'
Clay, 59'
Packed sand. 9'
Gravel, 28'10«
Depth, ilo' i0’»
NO. 19 . - TOLL AT INDIANA ^ MICHIGAN ELFCTHIC c o m p a n y, (1905),
9 - 8 ” vrells.
Elevation of ground (approx.) 
No record but disclosed same
28.0
situation as regards depth 
and nature of strata as wells 
at water works,Central Station.
NO. go .- TOLL AT OLITOP HOTEL, (1903), Washington & Main Streets.
Elevation of ground. 51
*» static water level. 32
Top gravel. 30'
Flue'Clay, quicksand, etc.. 103'
Gravel same as water Works, 12'
Shale at 145^
NO. 21 .- TOLL AT Y.M.C.A., (1907), Main and Wayne Streets.
Elevation of ground,(approx.) 51.7
*' static water level, 39
Sand, fine, no pebbles, very
little water, no clay, 100'
Shale at
-6-
■ NO.22. - m L  AT STUDFBAK71R FACTORY, BroriROn «• LaPayette Sta.(1908 )
Elevation of ground.(approx.) 64
” static vrater level, 4460'Top gravel,
Blue clay. .30*
♦ Band and gravel, 10'
Shale at depth i W ^
* Substantially same as at
’Y’ater TOrhs except a 
little lighter color.
NO.83.- WELL AT OLIl^R CHILLER PLOW WORKS, Chapin and Ford Streets.
Elevation of ground surface,(approx. ) 62
« static water level, ” 50
Open dug well 40 deep x 20 diameter.
All in heavy gravel and boulders
mixed with a little round grain­
ed sand,about as coarse as Water 
Works sand.
Never went through this stuff.
NO.24.- WELL AT SINGER MFG.COMPANY, (1908 ).(Foundry ) Rivislcn
and Jackson Streets.
Elevation of ground, ( approx. ) 59
» static water level (approx . >49
Top gravel fine (approx. ), 40'
Thin vein of clay. 4'
Ccajse sand, no gravel, 66'
Repth, llO"^
NO.25.- KTTLL n e a r b e c k 's LAKE.
Elevation of ground.(approx.) 51
»' static vrater level, 57
Black dirt from surface of ground. 15'
Fine sand and gravel. 13'
Clay, 6' _ 1Water sand. 28
coarse gravel. 21'
Sand and gravel. 19'
Fine sand. 27'
Repth,
-7-
NO.26.- IVFLL AT SOUTH BFNI) BRBVflHg COMPANY, (1907 ).
Elevation of ground (approx.),
” static v^ater level,
Depth, 124 feet.
Lower 12* in material same as 
at Portage Park.
Does net penetrate gravel.
Went through clay about same aa 
at Portage Park.
Vein of fine blue sand ;)URt above 
gravel not seen In any other 
v;ell.
54
49
NO. 27.- WELL AT MTJESSEL BREWINS COMPANY, (1908 ), Wilbur and 
Elmwood Streets.
Elevation of ground (approx. )
« static water level,
On bluffs.
2 wells j'ust about the same as
Portage Park; that is, water­
bearing gravel Is founC at 
same depth datum.also head.
43
34
NO.28.- lEELL AT SPRI MSB ROOK PARK.
Elevation of ground (approx. ), 31
* static water level (approx. ), 32
No record.
NO. 29.- I'TLL AT CLElfENT STU DEB AKER ESTATE, (1911).
E.Jefferson Street.
Elevation of ground (approx. ), 
Gravel and clay; shallow 
pockets of gravel In the 
clay; no water, 
Water-bearing gravel; coarse 
sand with small stonss.
Shale at
78
146'
5'
TET
NO. 30 . - EH^ LL AT NOTRE DAME, ( 2»* well ).
Elevation of ground.
»' static water level. 
Surface,
Blue clay.
Light sand and quicksand. 
Medium sand and gravel,
Depth, ' ^ ^_______ _______ Doss not -penetrate to shale.
85. 0 
62.0 
20' 
20* 
103' 
8' 
tet:
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NO.31.- ST.Ma r y 's a c a d e m y . 6« well.
1 Elevation of g;round, 1 0 . 2” etatic water level, 1 2 . 0; Top Roll, 10 '
Bl\ie clay. 20'
Quickeanrt, 50'
Oravel, 20'
Sand, 7'
Crave1, 8 '
Blue clay. 4'
Water-bearing sand and gravel. 4'
Depth, 1 2 ^
NO.34.- T O L  AT KAMM SCHELL INCER BREWERY.
Elevation of ground (approx. ), 35
Top soil and blue clay. 160'
* Cravel, 5'
Shale, 280 '
Llmeatone, etc. 245*
Depth,
* Static water level not
725^
determined at thla point.
NO.35.- ONE OP THE Elinr TEST WELLS NEAR CORNER OE CEORCE ST.
anITTrosT ect d r i v e , m’i s h a w a k a.
Elevation of ground (south Bend datum) 62
« Btatio water level, ” 55
Sand and gravel. 53'
Olay, 47'
Sand, and gravel. 25'
Clay, 20 '
Sand, gravel and atonea. 75'
Cla:?/, 4'
Sand, 75'
Stonea, 3'
* Depth, 502 '
* Not to ahale.
NO..36.- TEST ilirELL AT INDIANA AW. AND JOSEPH ST ..MISHAWAKA.
Elevation of ground (South Bend, datum), 56
Cravel, 20'
Sand and gravel. 
Clay,
20 '  
o '  6 «
Sand, 21 '6* '
ehale at 6 ^
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NO. 38.- TEST WELL AT POV,^B HOUSE, MISHAWAKA,
Flewatibn of grmmd (South Bend datum), 19
Sand an.d, gnavel, 
Clay,
niav and a and. 
Shale,
Depth,
25'
7'
2,5'
78'
